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Introduction 
'Harvesting energy from all sources', 'Energy for sale - going cheap', 'Go solar - there's plenty of 
energy wasting', 'Nuclear energy is the key to our future', 'Switch to green energy', 'Red Bull is the 
most popular energy drink in the world!', 'This product has a 5-star energy rating', 'Conserve 
energy - switch off your lights'. These are just some of the headlines and advertisements 
mention ing energy that we encounter at home, in the workplace and during our leisure time. 
Chapters 3 and 4 have covered aspects of two forms of energy - motion and electricity. This 
chapter looks at the invented and abstract nature of the concept of energy, and the problems 
involved in teaching the concept in schools. There is much debate as to whether this topic should 
be taught in primary schools (Duit 1987; Warren 1986). Nevertheless, energy is a significant 
concept in the science curriculum. This is evident in current Australasian P-1O curriculum 
documents, where energy has status as a major knowledge strand. Within the Australian national 
curriculum (ACARA, 2011), the term 'energy' is only mentioned once in the content descriptions. 
However, different forms of energy are mentioned in several parts of the curriculum. The content 
descriptions and year levels are: 'Light and sound are produced by a range of sources and can be 
sensed' (Year 1); 'Heat can be produced in many ways and can move from one object to another' 
(Year 3), and; 'Energy from a variety of sources can be used to generate electricity' (Year 6). 
A valid reason to address the scientific basis of the concept of energy in primary schools is that 
the word 'energy' is part of each learner's fami liar worl d . Students are interested in aspects of their 
world related to energy and the experiences they bring to the classroom provide a lively basis for 
teaching and learning. This is most evident in relation to perhaps the most significant 
environmental issues of our time: global warming and climate change. Most children understand 
that the earth is getting hotter, that global weather patterns will change and that the polar ice 
caps will melt if the greenhouse effect increases. They appreciate this while at the same time 
holding alternative conceptions as to the processes that lead to an enhanced greenhouse effect 
(Ekborg and Areskoug 2006). Teachers can assist students with a progressive clarification of 
understanding about energy throughout schooling by clarifying and exploring their own 
understanding. 
The omnipresence of the concept of energy in all the major areas of science has resulted in 
scientists' inability to come to a consensus view on a useful definition of the term that would suit 
all purposes. In addition, researchers have found that preseNice and practising teachers have 
difficulties in understanding the scienti fic aspects of energy. Given the complexities of energy, the 
intention of the first part of this chapter is t o develop a definition of energy that will be useful to 
primary teaching. The rest of the chapter explores ways in which chi ldren can learn about energy. 
The final sections of the chapter discuss another form of energy, light, and explore science as a 
human endeavour within the context of global warming and the greenhouse effect. 
Scientists' and teachers' understandings 
of energy 
Energy is one of the most important concepts in science. It has a central role to play in the 
understanding of phenomena within each of the main branches of science; namely, biology, 
chemistry and physics. A clear definition of energy can be found in physics textbooks and 
most dictionaries . They define energy as 'the capacity to do work'. The term 'work' has been 
defined as 'the quantity of energy transferred when an object moves in the direction of a 
force applied to it' (Lofts et al. 1997, p. 318). While this definition comes from the area of 
physics, it would only satisfy a physicist in some contexts, and it certainly would not find 
resonance with a chemist or biologist or, indeed, a primary school teacher. 
This may be due to the fact that the energy concept is considered within many and varied 
contexts and is used by scientists and teachers in a variety of ways and meanings. For example, 
a biologist thinking about the energy flow from the sun through an ecosystem, or a science 
teacher teaching students about energy content in foods, do not consider the underlying 
concepts of work, force and displacement. Neither does the chemist who thinks about energy as 
being associated with the behaviour of chemicals and their reactions. One of the most famous 
equations of modern times is attributed to Albert Einstein. It relates energy and mass through 
the equation E = mc2 (E - energy, m - mass, c - speed of light). Apart from its application to 
nuclear physics, this equation has little relevance to other areas of science. Millar (2005, p. 3) 
states that 'energy is an abstract, mathematical idea. It is hard to define "energy" or even to 
explain clearly what we mean by the word'. Millar also notes that 'the word "energy" is widely 
used in everyday contexts, including many which appear "scientific" - but with a meaning which 
is less precise than its scientific meaning, and differs from it in certain respects'. Sefton (2004) 
points out that there is no universal definition of energy. 
Clearly, the definition of energy given above is not useful within a primary school science 
setting. But before there is further discussion of scientists' and teachers' views of the energy 
concept, it is important for teachers to clarify their own understanding of the energy concept 
in order to help students develop a better understanding. 
Activity 5.1 Your own understanding of energy 
• Write three sentences using the word 
'energy' as you would in your everyday life. 
• What is the meaning of the word 'energy' 
in these sentences? 
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Ask other teachers and adults to provide 
you with sentences that include the word 
'energy'. 
• Several researchers (Kruger 1990; Kruger, 
Palacio and Summers 1992; Pinto, Couso 
and Gutierrez 2005; Trumper 1997) have 
explored pre service and practising primary 
teachers' views of energy (see Appendix 5.1 
on p. 213). From this research it was 
determined that some of the main 
categories of understanding energy are 
as follows: 
- Energy is associated with living things. 
- Energy is associated with moving 
objects. 
- Energy is a life force. 
- There is no distinction between energy 
and force. 
Energy is a hidden force present all the 
time in a substance, waiting to be 
released. 
- Energy comes from the sun. 
- Energy is not conserved. 
Label the sentences you have written 
yourself and collected from other teachers and 
adults that relate to each of these categories. 
You may find a sentence that fits into more 
than one category or you may find you need to 
construct a new category. 
• You will find mention of the following 
terms in various curriculum documents: 
'energy form(s)', 'energy source', 'energy 
receiver', 'electricity', 'thermal energy', 
'light', 'movement', 'sound', 'kinetic', 
'potential', 'chemical', 'elastic', 'gravitational 
and nuclear energy', 'energy transfer', 
'energy transformation', 'energy efficiency', 
'energy dissipation', 'energy resource', 
'energy degradation', 'conservation of 
energy' and 'change'. Some of these terms 
you will recall from schooling or from other 
prior experiences, while others will be new 
terms. Before these terms are introduced in 
this chapter, it is useful to clarify the ones 
with which you are familiar or vaguely recall, 
to identify those that are completely new, 
and begin to explore the relationships or 
links that you perceive between them. 
Create a concept map that makes sense of all 
the terms in the list you are familiar with. 
State the way they are linked on the 
connecting line if you are able to. Examples 
from your day-to-day life may help illustrate 
aspects if you are unable to find a descriptive 
word. 
• Compare your concept map with the 
concept map in the online Appendix 5.2. 
What differences can you detect? 
In many non-physics science textbooks, the authors do not introduce energy VIa the 
formalised physics definition. This may be due to the authors' reluctance to provide an 
extensive discussion of the underlying concepts of work, force and displacement, or maybe 
they have a wider view of energy than this . As an example of an introductory statement, 
Watson (1996, p . 182) states: 'It is hard to say exactly what energy is . It is much easier to 
describe what energy does. Energy makes things work, it produces changes and makes things 
happen'. Another example is given by Morgan et a1. (1967, p. 343), who state: 'Energy is a 
concept - an idea - a way of describing the cause of certain events; we find it useful to think 
of it in terms of the effects it can produce, rather than trying to think of what it is'. 
In providing useful pathways for understanding energy, it is better to focus on how energy 
is associated with systems undergoing change rather than on what energy actually is. 
Solomon (1992, p. 119) referred to Richard Feynman, whom she described as 'the greatest 
modern teacher of university physics ... who simply refused to define the term energy'. To 
Feynman, energy was an invented construct that was useful in explaining situations 
undergoing change. From this perspective, energy can be better understood as a 'job-doing' 
capability (Kruger et al. 1998) - it is something that can do useful jobs for us. A study of 
energy then involves considerations of the types of jobs and tasks performed, the source(s) of 
energy and what is happening to the en ergy as th e job or task is being undertaken. 
Activity 5.2 Dictionary definitions and scientists' understanding 
of energy 
• Look at several dictionary definitions of 
energy. What understandings of energy do 
you gain from reading them? Do any of them 
connect with your understanding of energy? 
• Look at several different science books 
containing ideas about energy, including 
biology, chemistry and physics texts, as 
well as those you would find in a primary 
school classroom or library. What 
similarities and differences do you find in 
these texts with respect to the 
- definition, if given, of the energy 
concept 
- context in which energy is introduced 
- topic areas in which energy is discussed 
- understanding of energy that is 
conveyed? 
• Make a list of the different science areas 
with which energy is used within the texts. 
• Discuss with others and compare your 
findings in these activities. 
What should be made clear is that en ergy is not a concrete entity but an attribute. Kruger 
et al. (1998) draw on th e analogy of the age of a fossil. The age of a fossil is certainly not a 
physical quantity but an attribute of the foss il. Just as on e can apply certain techniques and 
thinking to determine the age of the fossil, one can also apply certain ways of thinking to 
calculate amounts of energy. 
Drawing on the view that energy is an invented construct that refers to a job-doing 
capability, we can explore the various characteristics of energy. These are discussed in the 
following sections. 
Ene rgy storage 
Examples of energy storage 
Energy can be stored and accumulated in various ways. Consider the following examples: 
A moving object has movement or motion energy. This type of energy is called kinetic 
energy. 
Spring an d spring-like materials (obj ects which, when squashed or stretched, return at 
least some way towards their natural shape) contain elastic potential energy. 
A raised object contains gravitational potential energy. 
Hot and cold objects contain internal energy. 
Fuel and oxygen systems contain chemical potential energy. 
Food systems contain chemical poten t ial energy. 
Batteries contain chemical potential energy. 
CHAPTER 5 Energy 
177 - . 
- 178 
TEACHING PRIMARY SC IENCE CONSTRUCTIVELY 
Electricity power stations contain either chemical potential energy (stored in the coal and 
oxygen system - coal-fired power stations) or gravitational potential energy (stored in the 
raised water - hydroelectric power stations). 
While a number of terms are used when referring to energy storage, as described above, 
there are just two basic ways of storing energy - kinetic energy and potential energy. 
Kinetic energy 
Kinetic energy is the energy stored in a moving object, whereas potential energy is energy 
stored where there is no movement. Both kinetic energy and potential energy relate to the 
macroscopic world (e.g., consideration of moving cars or raising objects into the air) and the 
microscopic world (e.g. , considering the temperature and stability of objects from an 
understanding that objects are made up of tiny vibrating particles that are connected to each 
other). It should also be noted in these discussions of stored energy that the amount of 
energy we think of as 'stored' depends on the process that will take place. The amount of 
stored chemical energy in coal, for example, might depend on the conditions under which 
coal is burnt. 
Kinetic energy is related to the speed as well as the mass of an object. The greater the 
speed and/or mass of a moving object, the greater its kinetic energy. For example, while a car 
and a truck may both be moving at 100 km/h, the truck will have more kinetic energy due to 
its greater mass. It takes more effort to get it to that speed and more effort to stop it. 
A stationary object, such as a car, is seen from a macroscopic perspective to have zero 
kinetic energy, as the car is considered to be one large particle. However, from a microscopic 
perspective, the car is composed of tiny particles in constant motion. Therefore, each of these 
particles, called atoms, has kinetic energy. It is this microscopic view of moving tiny particles 
with kinetic energy that is central to understanding the scientists' view of the concept of 
temperature of an object. The average kinetic energy of the particles within a substance gives 
a measure of the temperature of the substance. If the particles are stationary, they have no 
kinetic energy and the temperature is zero . The point at which particles become stationary is 
a theoretical limit and refers to a temperature of approximately -273°C, also known as 
absolute zero. Scientists have achieved temperatures that come within a fraction of a degree 
of absolute zero . 
Potential energy 
Potential energy is related to an object's position in relation to other 'connected' objects. 
Forces of attraction or repulsion connect objects to other objects. In the example of a raised 
object, there is a connection between the raised object and the Earth - this is gravity or the 
gravitational force of attraction. One can imagine gravity as a spring (Kruger et al. 1998) 
connecting the centre of the Earth with the raised object (see Figure 5.1). As the object is 
raised, the spring is further stretched, thereby storing more potential energy. Using this 
analogy, an object on the surface of the Earth also contains potential energy. This analogy 
also gives the scientific idea that gravitational potential energy is stored within the object and 
Earth system. 
This view of connectedness also occurs on a microscopic level between the particles that 
make up objects. Due to electrostatic forces of attraction and repulsion, atoms are 
Gravity as a spring Chemical bonds as springs 
FIGURE 5.1 Pictorial representations of potential energy 
connected to other atoms to form molecules, which are themselves connected to other 
molecules. These connections can be imagined to be springs that are stretched and 
compressed as particles vibrate with kinetic energy (remember that at all temperatures 
above absolute zero, the particles have kinetic energy) . If the distance between neighbouring 
particles (atoms/molecules) increases, so does the potential energy of the particles (see 
Figure 5.1). The connections between atoms/molecules are called 'chemical bonds' . As with 
the raised object- Earth system, the potential energy is stored within the atoms/molecules 
systems. 
Reinterpreting examples of energy storage 
We can now reinterpret the examples of energy storage given above in terms of the ideas 
about kinetic and potential energy. 
In the example of a stretched rubber band, potential energy is stored as the particles within 
the rubber band move further apart, stretching the chemical bonds between the particles. 
Any substance at a temperature above absolute zero will contain particles with kinetic 
energy and potential energy. The sum of these energies is called 'internal energy'. A 
substance that is heated will increase in internal energy as its particles will vibrate faster 
(increase in kinetic energy) and stretch the chemical bonds (increase in potential energy). 
It should be pointed out that the internal energy of a substance is often mistakenly 
referred to as 'heat' . Some textbooks define heat as the transfer of internal energy from 
one substance to another in the process of heating or cooling. 
When a fuel such as wood, oil, petrol or gas is burnt, a chemical reaction occurs between the 
fuel and oxygen in the air. This results in new substances being formed. On a microscopic 
level, the atoms within the molecules in the fuel and oxygen get rearranged to form 
different molecules associated with different substances; for example, when petroleum gas is 
burnt, the main products of the chemical reaction are water and carbon dioxide. The release 
of energy in the form of heating the space around the reaction can be accounted for in 
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terms of the internal energies of the substances involved in the reaction. This energy comes 
from the fact that the total internal energy of the reactants (petroleum gas and oxygen) is 
more than the total internal energy in the products (water and carbon dioxide). A number of 
textbooks give the view that energy is only stored within the fuel but this example suggests 
otherwise. The energy has been stored within the fuel and oxygen system. Also, it is the 
change in energy associated with a process that is of interest, not some absolute value. 
In considering foods, the digestion process involves a chemical reaction between the food 
molecules and other substances so that there is a rearrangement of atoms to form new 
molecules . As with fuels, the total internal energy of the reactants is more than that of the 
products and so the energy that is 'left over' goes into warming the body, in addition to 
allOWing organs and muscles to function. Just like fuels, an important carbohydrate -
glucose - will react with oxygen to create water and carbon dioxide. This process is called 
'oxidation' or 'combustion'. 
In batteries, chemical reactions occur when a complete circuit is set up. Again, the energy 
is stored within the reactants that are involved in the chemical reactions. 
Energy as a job-doing capability 
From the discussion of the storage of energy and the concept of energy as a job-dOing 
capability, we need to consider the energy changes that take place when the job is being done. 
Kruger et al. (1998) draw an analogy between energy and money. They suggest that energy 
resembles money in that: 
it can be stored and accumulated 
it does not have an effect until it is transferred from one place to another 
when energy gets transferred, jobs get done. 
As with any analogy, it is important to recognise where the analogue doesn't match up 
with the target phenomenon. For example, in this analogy, consider the analogue of 
monetary payment linking with the target phenomenon of energy transfer. Monetary 
payment for a job can occur before, during or after the job has been completed. However, in 
the target phenomenon, the transfer of energy occurs at the same time the job is being 
completed. 
Analysis of a job 
To draw out the main characteristics of energy consider the following job: A carpenter wishes 
to drive a nail into a block of wood. 
In analysing the various aspects of this job, we first of all need to consider the system, 
which defines the boundaries in which the job is being done . Let's consider that the system 
involves the hammer, carpenter, nail, block of wood and surrounding environment (which 
includes the air and table or ground supporting the wood) . Assume that the carpenter is 
holding the hammer. 
The first situation that undergoes change is the lifting of the hammer. This is a job in 
itself and so it requires energy, which comes from the carpenter. She gives the hammer 
kinetic energy (in moving the hammer) and gravitational potential energy (in raising the 
hammer). Just before reaching the highest point of its motion, the hammer's kinetic energy 
transforms into gravitational potential energy (the hammer slows down to a stop). This 
results in the hammer stopping at the highest point on its path. At this point, the hammer 
only has gravitational potential energy (we can imagine the gravity 'spring' getting further 
stretched) . 
Upon dropping the hammer, the gravitational potential energy gets transformed into 
kinetic energy. There will also be some contribution to the kinetic energy of the hammer 
from the carpenter. Upon contacting the nail, a number of changes occur: 
Sound is generated. 
The nail moves. 
The wood surrounding the nail moves, separating to allow entry of the nail. 
There is a slight increase in the temperature of the nail and hammer (the temperature 
increase is more noticeable after several blows of the hammer). 
Each of these changes involves an energy change. From the kinetic energy of the falling 
hammer, some of the energy goes into production of sound. Sound, as will be described later, 
is a travelling vibration generated from the source. This travelling vibration is the transfer of 
kinetic energy. The sound travels in all directions in the air and through the block of wood. 
The nail is pushed into the block of wood, which separates. Some of the kinetic energy of the 
hammer is also transferred to the nail, which in turn is transferred to the wood. Some of the 
kinetic energy in the hammer also transfers, on a microscopic scale, to kinetic energy of particles 
within the hammer, nail and wood, resulting in an increased temperature of these objects 
(increasing the kinetic energy of the particles within a substance increases its temperature). 
Within the system described for this situation, the total energy remains constant -
scientists refer to this concept as 'the law of conservation of energy' or the First Law of 
Thermodynamics . For most jobs, this is not readily observed. In the case of the falling 
hammer, after striking the nail into the block of wood, the hammer, nail and block of wood 
come to rest. From a macroscopic perspective, each of these · objects has lost its kinetic 
energy. However, from a microscopic perspective, the energy can be accounted for if one 
considers that it has been transferred into the kinetic energy of the particles within the nail, 
block of wood and hammer, and particles within the surrounding environment. The transfer 
of kinetic energy results in sound being heard and an increase in the temperature of all 
objects within the system. It is important to note here that, unless we consider the 
environment surrounding the system under study, then the law of conservation of energy 
breaks down. For example, if the system in the nailing example had boundaries that only 
included the carpenter, hammer and nail, then energy would be viewed as not being 
conserved. The specification of the system with appropriate boundaries is central to a 
comprehension of energy conservation. 
Another important point to note is that the transfer of energy results in it spreading out. 
It is shared among many more particles than it was in the initial situation of the falling 
hammer. This spreading out of energy is termed 'dissipation of energy'. 
In conSidering the job of driving a nail into a block of wood, the transfer of kinetic energy 
from the hammer to the nail is considered 'useful', whereas the transformation of energy into 
sound and heating the environment is not - it is considered 'wasteful'. Scientists refer to the 
-production of wasteful energy within jobs as 'degradation of energy'. 
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Key characteristics of energy 
From the carpenter hammering a nail example, we can draw out a number of key 
characteristics of energy that are pertinent in situations in which change occurs. They are as 
follows: 
Energy can transform from one type into another. 
Energy can transfer from one location to another. 
Energy degrades and dissipates but remains conserved. 
Energy is associated with systems undergoing change. 
The following sections discuss each of these characteristics. 
Energy can transform from one type into another 
Energy can change from one form into one or more other forms: for example, when a light 
bulb is switched on, electrical energy is changed into light energy and thermal energy. This is 
called 'transformation of energy'. Often in transformations, forms of energy are produced 
that are not thought of as useful: for example, light bulbs produce not only useful light 
energy, but also wasteful thermal energy. Machinery that is designed to produce movement 
often also produces thermal energy and sound energy, which do not contribute to the 
efficiency of the machine. With each transformation, the amount of useful energy becomes 
less and less. This is called 'the degradation of energy' (see also above). 
Energy can transfer from one location to another 
Forms of energy are seen as being able to move: for example, electrical energy moves in wires 
from the power station (the electricity source) to your washing machine, refrigerator, 
computer or hair dryer (all electricity receivers) . Sound energy moves through air and other 
media (as those living near sports stadiums and outdoor concert venues will know) . Light 
energy reaches our light receivers (our eyes) when it is emitted from primary sources (for 
example, stars) or scattered from objects (that is, secondary sources, such as a mirror). 
Thermal energy travelling through space, from electric heaters in winter and from the sun in 
summer, enables us to keep warm. This movement of energy from one location to another, 
called the 'transfer of energy', can be experienced by students; for example, with a string 
telephone; a pot on a stove, especially if it has a metal handle; an electric fence; an image on 
a cinema screen; or a bat hitting a ball. 
The transfer of energy between a source and a receiver occurs in three basic ways: 
1 as a collision effect in which particles at the source collide with neighbouring particles ; 
each particle influences its neighbours and the movement is transferred 
2 as a collision effect where particles in the source physically travel to the location of the 
receiver and collide with particles at this location 
3 as a radiation effect where particles in the source can affect particles in the receiver across 
space. 
The transmission of sound from the source to the receiver is a collision effect of the first 
listed type. As the sound source vibrates , it collides with surrounding particles, setting them 
vibrating. These neighbouring particles collide with surrounding particles, also setting them 
vibrating. The travelling vibration through collisions with particles is known as a sound wave. 
The kinetic energy of the vibrating source is dissipated through being transferred to 
neighbouring particles. As sound is a collision effect, it explains why sound: 
requires a medium to travel; sound cannot travel through space 
travels much faster in solids and liquids than in gases as the particles are closer together 
lessens in intensity with increasing distance from the source. 
The transfer of thermal energy through materials, called 'conduction', is also a collision 
effect. For example, if one places one end of an iron bar into a fire, the whole bar soon heats 
up. This can be explained as the particles in the end of the bar gaining kinetic energy from 
the gas particles in the fire through colliding with them. The increased movement of the 
particles in the bar creates internal collisions within the bar. The collisions raise the kinetic 
energy of the particles within the bar, thus raising its temperature. The transfer of thermal 
energy can also occur when particles at the source travel to the receiver to then transfer 
kinetic energy in a collision effect. Hot air currents are an example of this effect. This type of 
energy transfer is called 'convection' and only occurs in liquids and gases. 
The transmission of light through space occurs without a medium and is thus a 'radiation' 
effect. From a scientific perspective, light is a general term for many types of radiation, all of 
which travel at the speed of light. Scientists refer to this general notion of light as 
'electromagnetic radiation'. Some forms of electromagnetic radiation are visible light, infra-red 
radiation, ultraviolet radiation, radio waves, microwave radiation, X-rays and gamma 
radiation. Each type of radiation is distinguished by the manner in which it is produced and 
the strength of the energy (X-rays have a greater strength than infra-red radiation). 
In the production of electromagnetic radiation, there is a change in the energy source -
this occurs on a microscopic scale. For example, a burning log sends off thermal radiation or 
infra-red radiation due to the agitated state of the particles (or, more specifically, the 
elect rons) within the burning materials. In fact, all materials with a temperature greater than 
absolute zero will contain particles in an agitated state and so will emit thermal radiation. The 
higher the temperature, the more radiation is emitted. The radiation travels through space 
and can be absorbed by objects some distance away. Energy from the sun comes to the Earth 
in this way. The absorbed energy increases the internal energy of the particles within the 
objects, which in turn can produce a number of changes. For example, the electromagnetic 
radiation from the sun can result in the follOwing changes to the human body if absorbed: 
an increase in temperature; the absorbed energy increases the kinetic energy of the skin 
particles 
the vision cells at the back of the eye are agitated, initiating the vision process 
chemical reactions are initiated, causing tanning or burning; these can affect the normal 
cell reproduction of the body and lead to cancer. 
While our eyes cannot detect thermal radiation, night goggles, as used by soldiers in the 
field, can. The goggles detect varying levels of infra-red radiation and produce a thermal 
image of the surrounding area. 
Another example of a radiation effect is the transfer of electrical energy within a wire in an 
electric circuit. A chemical reaction in the battery creates electromagnetic radiation that travels 
along the wire at the speed of light. The electrons within the wire absorb this radiation, creating 
·an electric current. A more detailed description of this process can be found in Chapter 4. 
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Energy degrades and dissipates but remains conserved 
The interconnections of different forms of energy led to the principle of the conservation of 
energy (refer back to the description of the First Law of Thermodynamics in the 'Analysis of a 
job' section; see p. 180) . In any change, the amount of energy in the system was seen to 
remain the same; the forms of energy may change, but the overall amount of energy remains 
the same. Mathematical expressions were developed to describe this constancy. As Davies 
(1984, p. 68) writes: 
The law of energy conservation embodies a wide range of physical experiences that, in the 
absence of the energy concept, would all have to be discussed separately. Energy lets us 
connect many ideas together, and as such it could be deemed beautiful. 
Feynman (1963, section 4, p. 1) states : 
There is a certain quantity, which we call energy, which does not change in the manifold 
changes that nature undergoes. That is a most abstract idea, because it is a mathematical 
principle; it says there is a numerical quantity that does not change when something 
happens. It is not a description of a mechanism or anything concrete; it is just a strange 
fact that we can calculate some number and when we finish watching nature go through 
her tricks and calculate the number again, it is the same. 
Potential energy in its many guises was invented to make the sums add up when there 
appeared to be missing energy with the use of only the manifest or obvious forms of 
electricity, thermal energy, light, movement and sound. Potential energy should then be 
considered as an abstract construct invented by scientists to allow them to link phenomena 
that would otherwise be thought of as separate entities. 
The scientific concept of the principle of the conservation of energy is in sharp contrast to 
the everyday discussion of the need for energy to be conserved. Individuals are familiar with 
such things as stickers above light switches saying 'Switch off the light - conserve energy', 
posters saying 'Conserve energy - travel by public transport, not by car', or newspaper 
headlines that state 'The world's energy supplies are running out'. Such statements refer to 
the conservation of energy resources and not the scientific law of conservation of energy. 
These statements present a view that energy gets used up, which means that society must 
use it wisely or find ways to renew it. This view is compelling given that once an energy 
resource, such as petrol, is used for some task (driving an engine), it is perceived to be no 
longer there. 
While the conservation of energy law represents constancy amid change, there is a decline 
in the useful energy available to do jobs. Ross (1988) used the terms 'fuel value' or 'available 
energy' to describe the useful energy stored in energy resources, which is used up to drive 
systems. Ross points out that these terms have a meaning closely related to scientists' 
understanding of free energy, which in turn is related to the Second Law of Thermodynamics. 
According to Ross (1988, p. 439), 'The Second Law of Thermodynamics says that although 
energy can be converted from one form to another the process is never 100 per cent 
efficient', as some energy is always 'lost as waste heat' . Free energy gets used up in the sense 
that it gets degraded to thermal energy and spreads out. Solomon (1982, p. 419) 
reinterpreted this law for a student's understanding in terms of renaming it 'The Running 
Down Principle', which states that 'In all energy changes there is a running down towards 
sameness in which some of the energy becomes useless'. In the example of the hammering of 
a nail, the running down towards sameness means that the dissipation of energy results in a 
slight rise in temperature of each of the objects within the system. As energy transfers often 
result in very t iny rises in temperature, conservation and dissipation of energy can't be easily 
demonstrated. 
The important point to note here is that, while the conservation of energy principle 
means that energy does not get lost, it should not be interpreted without also considering 
that in any change there is also energy degradation and energy dissipation. This is the 
essence of the scientists' first and second laws of thermodynamics . 
The conservation of energy implies that it can be measured. Energy is measured in joules 
(calories is a disused imperial unit for energy - there are just over 4 joules for every calorie). 
Power is another often-used quantity related to energy. It is a measure of the rate at which 
energy is transferred and is measured in units of watts. For instance, by turning on a 100-
watt light bulb, 100 joules of energy is being transformed from electrical energy to light and 
thermal energy every second that the bulb is operating. Thus, in a minute, it transforms 
60 000 joules (60 kJ) of energy. 
Energy is associated with systems undergoing change 
A major characteristic of energy is that it is always associated with situations undergoing 
change; that is, whenever a change occurs, energy, in some form, is associated with it. We 
should not perceive energy as a substance, but rather as something associated with 
change. 
It has to be remembered that scientists view energy in different systems in different ways. 
Examples of different environmental systems are biological (e .g. , the human body or a pond 
system), chemical (e .g., a chemical reaction between vinegar and baking soda or the rusting of 
a bike left out in the rain), geological (e.g., an earthquake, the erosion of a landscape by 
water) and physical (e.g. , a person rollerblading along a path or a torch lighting up the path 
ahead). 
The concepts of energy conservation, dissipation and degradation need to be understood 
within isolated systems . These are systems that include all objects in which the 
transformation and transfer occur. In the example of the carpenter driving a nail into a block 
of wood, the closed system needs to include the surrounding environment in addition to the 
carpen ter, hammer, nail and block of wood, otherwise the energy conservation law breaks 
down. Therefore, the system and environment are key ideas in understanding energy 
conservation. 
An important point to note about analysing the energy considerations within particular 
changes in a system is that change begets change; that is, for every change there is a 
preceding change that initiated that change. Therefore, the consideration of a particular 
change should be viewed as part of a continuous sequence of changes. Consider the example 
of the hammering of a nail into a block of wood. The firs t change that occurs within this 
situation was the lifting of the hammer by the carpenter. However, this change was initiated 
by a previous change. Energy was expended within the carpenter's arm muscles (the arm 
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gained gravitational potential energy in being raised, elastic potential energy in stretching the 
muscles and kinetic energy in being moved). Preceding this change there are still further 
changes such as: 
chemical reactions associated with the digestion of food and respiration of oxygen 
chemical reactions associated with the process of photosynthesis in food production 
nuclear reactions within the sun that result in the emission of electromagnetic radiation 
the astronomical processes involved in the formation of our solar system. 
Dare we extend the changes back further to the big bang with the creation of the 
universe? And what about before then? 
An understanding of energy as associated with change must be recognised within the context 
of an endless sequence of changes. From this perspective, the concept of conservation of energy 
as one where energy is neither created nor destroyed can be well appreciated. What is required 
when analYSing the energy considerations of situations is to be specific about a beginning and an 
end point to the situation and to have boundaries to the system strictly defined. 
Activity 5.3 Concept map of understanding energy 
Activity 5.1 (see p. 175) asked you to construct 
a concept map on the basis of your previous 
knowledge of energy terms. Now, having read 
the section on scientists' and teachers' 
understandings of energy, revisit your concept 
map and make appropriate changes. 
In addition, construct a new concept map 
that encapsulates the key concepts about 
energy listed at the end of this chapter in the 
section 'Concepts and understandings for 
primary teachers' (see p. 212). 
Children's understandings of energy 
A large number of studies have explored children's understandings of the concept of energy 
(Boylan 2008; Duit and Haeussler 1994; Forde 2003; Kaper and Goedhart 2002; Kruger et al. 
1998; Lee and Liu 2010; Lijnse 1990; Liu and McKeough 2005; Solomon 1983, 1988; 
Stylianidou 1997; Trumper 1993; Watts 1983). Trumper (1997) has also explored preservice 
primary teachers' understandings of energy. Recent reviews by Millar (2005) and Papadouris, 
Constantinou and Kyratsi (2008) of conception studies confirm earlier findings that some of 
the most popular and persistent alternative conceptions are as follows : 
Energy is related only to living things - an anthropocentric view. Living things get tired 
and less active without energy. Human energy is rechargeable through food or by resting. 
Some children have contradictory uses for human energy. For example, there may be the 
view that energy is built up as a result of sports training, but children can be told to run 
outside in the playground to use up energy. 
Only objects in motion have energy. 
Stationary objects relate to energy only from the perspective of them as an energy store; 
for example, batteries, power stations, oil and coal store energy. Energy is therefore a 
causal agent, a source of activity based or stored within certain objects. 
Energy is a concrete entity. In some circumstances, such as in the heating of an object, 
energy is a fluid-type material that flows from hot objects to cooler ones. 
Energy is not an entity that is conserved because one has to pay for it. The energy 
required for devices such as light bulbs and engines gets consumed. 
Conservation of energy is associated with everyday care not to waste energy, which differs 
from scientists' conservation of energy principle. 
Energy is found in foods; it only gets harnessed when the food is eaten. Some children 
believe that 'high energy' foods convert directly into energy or somehow crack open to 
release their 'store of energy' when consumed. 
Energy is considered a fuel. Fuel is energy, rather than fuel contains or is a source of 
energy. 
There is confusion between 'energy' and 'force'. Other words, such as 'motion' and 'power', 
are also frequently used interchangeably with energy. 
Watts (1983) categorised students' views of energy into seven ways of thinking about 
energy. These ways of thinking, none of which represents scientists' views, were substantiated 
by Forde (2003) and Trumper (1993) and are described as 
1 anthropocentric - energy is associated with living things 
2 depository - some objects have energy and expend it 
3 ingredient - energy is a dormant ingredient within objects, released by a trigger 
4 activity - energy is an obvious activity 
5 product - energy is a by-product of a situation 
6 functional - energy is seen as a very general kind of fuel associated with making life 
comfortable 
7 flow transfer - energy is seen as a type of fluid transferred in certain processes 
Activity 5.4 Eliciting people's understandings of energy 
In addition to writing sentences containing 
the word 'energy' (see Activity 5.1 on p. 175), 
the LISP (Energy) team, like many other 
researchers, used interviews about instances 
or events (Osborne and Gilbert 1980) to survey 
students' understanding of energy in the case-
study classrooms (LISP (Energy) 1989). They 
used four scenarios representing different 
biological systems (a growing plant - seedling 
to bush) and a growing animal (kitten to cat), a 
chemical system (a burning candle when first 
lit and when well burnt down) and a physical 
system (a child at the top of a slide and the 
same child at the bottom of the slide a 
moment later). The following questions were 
asked: 
1 If you used all your senses, what changes 
would you observe? (Use sight, smell, touch 
and hearing.) 
2 During these changes, is any energy 
involved? Yes/No/Don't know. 
3 Explain your answer to question 2. 
Answer the questions for each scenano 
yourself. Draw eight pictures, two for each 
scenario, and pose the same questions for each 
scenario to a small group of colleagues and a 
small group of children. 
• Develop another task that you think might 
also explore people's understanding of 
energy. 
• Test out this task with a small group of 
colleagues and a small group of children at 
different ages (for example,S, 8 and 
twelve). 
• What did you find from carrying out the 
above tasks? Were there any differences 
between the adults and the children? Were 
there any differences between the children 
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of different ages? What have you learnt 
from the experience about: 
- people's understandings of energy 
- the tasks 
- your own understandings of 
energy 
- gaining access to people's 
understandings 
- your skills at gaining access to people's 
understandings? 
• Discuss and compare your findings to these 
activities with others. 
Children's questions about energy 
Three primary school teachers asked their classes (a Year 2, Years 3 and 4 composite and a 
Year 5 class) to write down something the students would like to find out about energy. What 
was clear from the children's responses was that the children readily identified with the word 
'energy', but at the same time had an enormous range of questions about the energy concept. 
This is illustrated in the sample of responses given below. Many of the questions imply the 
alternative ideas described above. The questions have been separated into different 
categories. There did not appear to be any significant differences between the year levels, 
although the Year 2 students concentrated on energy in living things. 
Some of the children's questions about energy related to people and other living things 
were: 
How does energy run through our body? (Year 2) 
Can people's energy be measured? If so, how? (Year 3) 
How do people play sport and get energy? (Year 3) 
Could we survive without energy? (Year 4) 
I would like to learn how much energy a human would use each day. (Year 5) 
Some questions about energy related to non-living objects were: 
Why do some toys need energy? (Year 2) 
Does the moon have any energy? (Year 3) 
Do 'unalive' things have energy? (Year 4) 
Some questions about energy related to food were : 
What types of food give you energy? (Year 3) 
How do you get energy from food? (Year 4) 
What's the best food that would make you have energy? (Year 5) 
If I do not eat and don't have energy, how can I get energy without eating? (Year 5) 
Some questions about energy sources were: 
Where might you find energy instead of your car, yourself, your food or your drink? 
(Year 3) 
How much energy does a battery need? (Year 4) 
Some questions about the genesis of energy were: 
Who invented the word 'energy'? (Year 4) 
How is energy produced? (Year 5) 
Can science create energy? (Year 5) 
Some questions about what energy is were: 
Is energy dangerous? (Year 3) 
Can you see energy? (Year 3) 
Is energy like air? (Year 3) 
What can you make energy out of; for example, sticks, rocks? (Year 4) 
What is inside energy? (Year 5) 
Some questions about energy types were: 
What is magnet energy? (Year 3) 
How many different energies are there? (Year 4) 
Is static electricity energy? (Year 4) 
How do batteries work inside and how does petrol give cars energy? (Year 5) 
Some questions about energy storage and transfer were: 
Why is light energy so fast? (Year 3) 
How do you put energy in food? (Year 3) 
Can you take energy and put it somewhere else? (Year 3) 
How is energy transferred from a battery to something else? (Year 5) 
Changing students' ideas about energy 
There are various opinions about how energy should be taught. Some are informed by 
research - see Millar (2005) for one review of this area - while some are not informed by 
research at all. Some are people's ideas about what they think would be improvements, based 
on action research of their interventions in classroom experiences. This section outlines some 
teaching and learning strategies that are informed by constructivist principles. 
Elicitation of children's ideas and questions 
The previous section 'Children's understandings of energy' (see p. 186) illustrated well how 
children have a wide range of preinstructional ideas, many of which are different to currently 
accepted scientific ideas. In addition, the section 'Children's questions about energy' (see 
p. 188) indicates that children readily identify with the concept of energy and have an 
interest in finding out about many aspects relating to it. Therefore, the dual approaches of 
eliciting students' preconceptions and questions about energy would prove fruitful in terms 
of planning activities to satisfy the interests of the students, in addition to addressing areas 
of non-scientific thinking. 
The methods used by researchers to elicit people's ideas about energy are applicable within 
a classroom setting to elicit students' ideas . For example, the following two examples employ 
the technique of interview about instances or events (Osborne and Gilbert 1980). In the first 
example, Trumper (1990) and Forde (2003) asked studen ts to write down three things they 
associate with the word 'energy' and then to write sentences that link their associations with 
the word. The students were also shown eight pictures that consisted of a 
chemical reaction growing plant 
power plant radiator 
box being pushed up an incline lighted lamp 
train football player. 
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From these pictures, the students were to select three they con sidered had the 
involvement of energy and explain their choice in one or two sentences using the word 
'en ergy'. 
In the second example, Trumper (1997) describes a questionnaire that was developed and 
validated by Kruger, Palacio and Summers (1992) . The questionnaire comprised statem ents 
and also drawings of different situations . For each statemen t, respondents were to indicate 
one of the following: true, false, don't un derstand, n ot sure. For example, two statem ents 
accompanying a picture of an electric bar heater with the bars glowing were: 'The energy from 
the power s tation th at supplies this heater did not exist before it was generated at the 
station' and 'On ly some of the energy from the heater goes into heating up the room'. 
The section 'Children's questions about energy' (see p . 188) produced a wealth of 
questions through the t eacher asking the students to write down a question they would like 
to know about energy. Small-group and whole-class discussions should also be fruitful in 
extracting questions from the students. 
Activity 5.5 Interpreting children's understandings of energy 
The interview-about-instances technique 
described above was employed by two Year 
5/6 teachers who implemented a teaching 
sequence about energy. A written 
questionnaire designed to elicit the students' 
ideas about energy was administered to the 
students at the beginning of the sequence (see 
the online Appendix 5.3) . Many of the ideas 
about energy that the teachers used to 
construct their questionnaire and teach the 
students in their lesson sequence can be found 
in the section 'Concepts and understandings 
for primary teachers' at the end of this chapter 
(see p. 212). Student responses to question 1 (a) 
and 4 of this questionnaire are given below. 
Student responses to question 1 (a) (see the 
online Appendix 5.3): 
There are all types of energy like wind 
energy, solar energy (power). 
Solar energy we can get from the sun by 
solar panels; wind energy we can get that from 
wind turbines. 
A power or force that makes lights light up 
and fans tum. 
Energy helps power up lights and other 
appliances. 
If you're full of energy you are able to do 
lots of exercise. 
Energy powers up your body. 
Energy is non-visible unless you look 
through microscope. 
One type of energy is conetic [sic] energy 
the energy of movement. 
Another type of energy is stored energy 
which is in batteries. 
Energy makes all things happen. 
When I kick a football it has potential 
energy. 
People, animals and plants can all get 
energy from food and water. 
Almost everything that happens is caused 
or has something to do with energy. 
There are lots of types of energy, sound 
energy, heat energy, potential energy, etc. 
Potential energy is when something wants 
to move but it can't and when released it has 
energy. 
Energy can be absorbed by any object. 
Energy can be found anywhere. 
Electricity is a form of energy. 
Energy is power, balls have air inside them 
and energy is air, the air helps it bounce. 
Student responses to question 4 (see the online Appendix 5.3): 
a 65.7% 22.8% 
b 80% 17.1% 
c 55.9% 11.8% 
d 27 .8% 58.3% 
e 38.2% 32.4% 
f 30.0% 53.3% 
9 62.1% 20.7% 
h 20.7% 58.6% 
86.7% 6.7% 
Study the students' responses to question 
1 (a): 
• Which of the statements indicate a 
scientific understanding of an energy 
concepe 
• Which of the statements indicate an 
alternative conception? 
• As this information represents data from a 
formative assessment task, in what way(s) 
can this data inform the planning of 
activities and teaching approaches for the 
topic of energy~ 
The student responses for question 4 are 
given as percentages for the Year 5/6 classes. 
• For each statement, determine the 
scientifically acceptable response. 
, I 
2.9% 8.6% 
2.9% 0.0% 
23.5% 8.8% 
2.8% 11.1% 
14.7% 14.7% 
10.0% 6.7% 
0.0% 17.2% 
0.0% 20.7% 
3.3% 3.3% 
For each statement, determine the key 
energy ideas that are being elicited by the 
question (refer to the online Appendix 5.3). 
• Based on these percentages, what is your 
interpretation of the level of scientific 
understanding of the students at the 
beginning of the science topic? 
• As this information represents data from a 
formative assessment task, in what way(s) 
can this data inform the planning of 
activities and teaching approaches for the 
topic of energy? 
Refer back to the 'Children's questions 
about energy' section (see p. 188). Select some 
questions that could form part of a teaching 
sequence. In what way(s) might they be used? 
Addressing alternative conceptions about energy 
Getting started 
It should be clear from the discussions within the section 'Scientists' and teachers' 
understandings of energy' (see p . 175) that the concept of energy is best understood as a job-
doing capability and considered only in situations where change occurs. The LISP (Energy) 
team considered it was most helpful if energy was always associated with situations 
undergoing change; that is, whenever a change occurs, energy, in some form, is associated 
with it. This avoids the perception of energy as a substance, but rather allows it to be 
perceived as something associated with change. However, Millar (2005) points out that 
teachers will likely find themselves talking about energy sources which imply that energy can 
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be stored in certain places and transferred to other places. This treatment of energy as a 
'quasi-material' substance is not strictly correct, but Millar (2005, p. 12) argues that 'this is 
not a serious hindrance to the later development of a more precise scientific understanding of 
energy', a conclusion others agree with (Duit 1987; Kaper and Goedhart 2002) . 
In undertaking a constructivist approach to the teaching and learning of energy, the initial 
discussions with students should centre on what they already know. Given that many 
students understand energy from a human-centred perspective, then the concept of energy as 
a job-doing capability should be applied to changing situations involving humans. 
The initial teaching of energy considerations from a human-centred perspective should be 
extended to a more general perspective to address a common alternative conception that 
energy is a property of, or an idea restricted to, living things (Trumper 1993). Kruger et al. 
(1998) suggest that useful tasks that can be undertaken by both humans and machines be 
discussed; for example, a person who collects rubbish lifts a rubbish bin into the back of a 
rubbish truck by hand - this same task can be analysed in the circumstance where the 
hydraulic arm of the garbage truck picks up the rubbish bin. If students believe that 
possession of energy implies the capability of doing a job, and that the same (or very similar) 
jobs can be performed by human beings and machines, then they should come to realise that 
it is reasonable to suggest that energy is not only a property of, or an idea restricted to, living 
things, but can also be applied to non-living things. 
Emphasis on change 
In exploring energy changes where jobs or tasks are undertaken, students need to be directed 
to evidence of change. The effects associated with different forms of kinetic energy (thermal 
energy, sound, electricity, movement) and electromagnetic radiation (light) are readily observed 
by children. However, this is not the case with the different forms of potential energy (elastic, 
chemical, gravitational, nuclear) . To decide whether any of these forms of energy are associated 
with a changing situation, learners need to look for clues, such as changes in height 
(gravitational), changes in elasticity or springiness (elastic) or changes in state (solid, liquid or 
gas), colour, smell and appearance (chemical). 
Another problem with considerations of potential energy may arise when students use 
their everyday understanding of the word 'potential', meaning that something has the ability 
to be or do something. This everyday understanding can lead to confusion when confronted 
with scientists' use of the word 'potential' in this context. For example, students believe there 
is potential thermal energy in an unplugged electric heater, potential light in an unlit candle 
and potential sound in a switched-off radio, whereas scientists make use of the term 
'potential' in relation to the position of an object in respect to other objects. The LISP 
(Energy) group suggests that a discussion of these different meanings is helpful at secondary 
school, but that introducing these very abstract notions of energy to primary-school-age 
students is very problematic. However, Kruger et al. (1998) suggest the use of analogical 
models to assist students, including primary school students, in understanding potential 
energy. For example, in an analogy likening gravity to a spring that connects an object to the 
centre of the Earth, just as raising the object increases the stretch of the spring and spring 
energy, then raising the object increases the gravitational potential energy. 
In addition to the use of analogies, teachers may refer to the various potential energies 
without using the term 'potential' . For example, gravitational potential energy may be 
referred to as height energy and chemical potential energy as just chemical energy or fuel 
energy. 
In the section 'Scientists' and teachers' understandings of energy' (see p. 175), there was a 
discussion of how the different forms of energy can be reduced to just two types - kinetic 
and potential. While Ellse (1988) argues that one should eliminate all other forms of energy, 
Trumper (1993, 1997) suggests that too early a separation of different forms of energy may 
not be helpful. Therefore, in the initial teaching of energy, students should get acquainted 
with as many different forms of energy as possible. 
Teaching conservation, degradation and dissipation of energy 
Students experience transformations of energy in their lives all the time; for example, when 
playing musical instruments, playing with toys, and using household appliances and simple 
machines or implements (ke ttles, pegs, ballpoint pens, light bulbs, toasters, torches, heaters) 
and more complicated artefacts such as telephones. Transformations of energy often produce 
forms of energy that are not considered useful, such as when light bulbs produce 'wasteful' 
thermal energy. It is worthwhile, then, discussing with students the topic of wasteful versus 
useful fo rms of energy. This contributes to an understanding of the degradation of energy. 
The scientific concept of the principle of the conservation of energy sharply contrasts with 
everyday discussion of the need for energy to be conserved. Confusions can arise later in 
schooling when students interpret the conservation of energy with the conservation of 
energy resources. Teaching needs to take into account students' everyday understanding and, 
while in later schooling a discussion might be helpful, in primary schools the correct usage of 
the phrase 'conservat ion of energy resources' would perhaps be more so. 
The concept of the conservation of energy is a very sophisticated one that is challenging 
even for adults. The LISP (Energy) team thought it inappropriate for primary school students. 
However, several researchers (Ogborn 1990; Solomon 1982) point out that the concept of the 
conservation of energy, relating to the First Law of Thermodynamics, can be more readily 
understood if energy is taught via the concepts of 'useful' energy and a simplified version of 
the Second Law of Thermodynamics. 
The Second Law says that, although energy can be converted from one form to another, 
the process is never 100 per cent efficient as some energy is always lost as waste thermal 
energy. Ross (1988) points out that students' intuitive views are similar to the Second Law 
and so what should be taught is that useful energy is what gets lost as it converts to wasteful 
energy, generally in the form of thermal en ergy. Teachers should admit that energy gets used 
up and then gradually show that 'used up' means degraded to thermal energy; thus, the 
energy is still there. The process of degradation of energy should also be taught in tandem 
with the process of dissipation of energy. In this way, students may be able to account for the 
apparent loss of wasteful energy in terms of it being shared with the environment. In another 
teaching approach to understanding the conservation of energy principle, Brook and Wells 
(1988) suggest that students in the first instance need experiences with situations in which 
changes are perceptually obvious, to give plausibility to the principle. 
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Liu and Collard (2005) and others (Dawson 2006; Liu and McKeough 2005) suggest that 
the progression of students' conception of energy is characterised by the following distinct 
stages: 
1 perception of energy as activities or abilities to do work 
2 identification of different energy sources and forms 
3 understanding the nature and processes of energy transfer 
4 recognition of energy degradation 
5 realisation of energy conservation. 
This progression of increasingly complex energy ideas needs to be considered when 
planning to teach the topic of energy. 
Energy changes within defined systems 
Systems are situations in which energy changes occur. They require boundaries to be 
explicitly articulated: Do they or do they not include human action to set the system in 
motion? (For example, is the person switching on the torch an important part of the 
system?) Energy changes should be seen as part of a continuum of changes, so it is necessary 
to indicate a start and finish to any particular energy change within a system. A closed system 
is one in which the energy is conserved within the system. If, for example, the system that 
involves hammering a nail into a block of wood does not include the environment, then, after 
the nail has been hammered into the wood, one would not be able to account for the energy 
transferred from the hammer. When discussing systems undergOing change, it is important 
that teachers also discuss and perhaps negotiate the limits or boundaries of the system under 
investigation. 
Students can readily experience the transfer of energy. The transfer of energy is not to be 
confused with the transformation of energy. Unfortunately, the words 'transfer' and 
'transformation' are sometimes used interchangeably, without apparent recognition that they 
each have a specific meaning. Confusing the two terms is not helpful for learners . Although 
discussion about these different terms and how confusions can arise if they are used 
incorrectly is considered helpful in later schooling, at primary levels the correct usage of the 
terminology by teachers may prevent future learning difficulties . 
Symbolic representations of energy changes 
Several authors (Ametller and Pinto 2002; van Huis and van den Berg 1993; Brook and Wells 
1988; Kruger et al. 1998) advocate the use of symbolic representations to assist students in 
understanding the main ideas relating to energy. Ametller and Pinto (2002, p. 308) suggest 
that 'Symbolic representations have shown their power to transmit the idea of system, energy 
transfer, energy degradation or energy conservation'. What is important when employing 
symbolic representations is for the teacher to point out the features of the representation 
that match the concept as well as those features that do not match. Given the abstract nature 
of the concept of energy, multiple and multimodel representations of various processes 
involving systems undergoing change need to be exploited by teachers as they make the ideas 
concrete for students (Kress et al. 2001) - for a full discussion, refer to the Chapter 1 section 
'Representation as a discursive practice and a learning process' (see p. 15). 
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FIGURE 5.2 Energy changes in a slingshot 
Source: Ametller and Pinto 2002, p. 292 
One example of a symbolic multimodal representation of energy transfer, taken from 
Ametller and Pinto (2002), is shown in Figure 5.2. The features of this representation 
include: 
1 a figurative representation showing cartoon images of the initial and final situations 
2 an abstract representation showing a scientific-technical drawing that centres on energy 
transfer and energy conservation 
3 a written statement of the changing situation. 
Small triangles are the symbols of energy. By considering the number and location of the 
icons in the abstract drawing, one can visualise the transfer and conservation of energy. This 
representation can be extended to include cartoons and drawings of the intermediate phase 
of the changing situation. 
Another example of symbolic representation of energy transfer and/or energy 
transformation, taken from Brook and Wells (1988) and advocated by Millar (2005), uses an 
arrow representation called a Sankey diagram, and is shown in Figure 5.3 . 
The system undergoing change is represented by arrows of varying widths. The width of 
each arrow is a measure of the amount of a particular form of energy present. Whatever the 
changes that take place within the system, the total width of the arrows remains constant, 
indicating in a diagrammatic representation the conservation of energy principle. To draw 
such representations, teachers need to discuss with students a well-defined system with a 
beginning and an end to the changing situation under study. The students then consider the 
location of the energy at the beginning, the end and, possibly, the intermediate phases. Millar 
(2005) points out that it is better to ignore the intermediate phases as they often involve 
quite complex processes, and to consider events and processes where the beginning and end 
points can be easily described and demonstrated. 
Wright (2007) advocates the use of bar graphs as a way of representing energy for the 
rpiddle years of schooling. It elicits higher-order thinking about the concepts and results in 
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FIGURE 5.3 Energy changes in riding a bicycle 
Movement 
energy in bike 
Heat energy 
In air 
Source: Brook and Wells 1988, p. 84 
useful explanations for real-life events. Bar graphs are forms of representation that are 
familiar to primary level students and can assist them to represent different forms of energy 
as well as clearly show the application of the law of conservation of energy. 
Lawrence (2007) points out that a description of the world in terms of energy needs to be 
quantitative, but while a full quantitative description is not possible for younger students, the 
different representational modes, such as triangular symbols, bar graphs and Sankey 
diagrams, do allow for some quantification. As evidence of what can be constructed by 
primary school students in explaining systems undergoing change from an energy 
perspective, the two teachers who developed the energy pre-test questionnaire (see Activity 
5.4 on p. 187) provided the following group task to their Year 5/6 students. The students 
were to work in groups of three to investigate the energy changes that take place in a 
household device. They were to present their findings in a poster that described the energy 
changes in their device using two or more representations. Figure 5.4 gives the poster 
presentations for three groups which investigated an umbrella, a stamp and an egg beater. 
Chapter 4 discussed the benefits for the student learning of science concepts of the use of 
interactive animations (see the case study 'Applying an interactive teaching approach' on 
p. 155). A useful interactive animation that explains the conservation of energy using kinetic, 
gravitational and thermal energy within the context of skateboarding can be found at http:// 
phet.colorado.edu/en/simulation/energy-skate-park. The animation involves the simulation of 
a skateboarder travelling the length of a track. Various graphs showing how the energy forms 
change during the time the skateboarder traverses the track can be shown. The software that 
runs the animation allows the user to stop or change the speed of the animation at any time. 
It also allows the user to change the shape of the track, the amount of track friction and the 
amount of gravity. 
Addressing confusions in terminology 
Much confusion arises in students about the notions of energy forms and energy resources as 
they are not understood to be the same thing in science. Electricity is a form of energy, 
whereas coal, wood (trees), oil and so on are energy resources that can be used to produce 
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elect ricity. Solar energy is a form of radian t energy, whereas the sun is the energy resource. 
Often associated with en ergy resources are terms such as 'renewable/n on-ren ewable en ergy', 
'directlindirect energy' and 'primary/secondary en ergy'. These terms can cause even more 
confusion for learners. They are best used clearly and unambiguously, with the meanings 
being clarified or otherwise avoided. Millar (2005) points out that students often associate 
energy with fuels or food and so there may be some benefit in focusing on the word 'fuel' in 
relation to 'fuel use' and 'fuel consumption' rather than 'en ergy use' and 'en ergy 
consumption' . This focus offsets problems for students' un derstanding of conservation of 
energy. 
An other area of confusion fo r students is distinguishing between energy an d other 
concepts used in science. Energy and force are not the same thing in science understandings . 
A force in science can be thought of as a push or a pull that can result in different outcomes: 
a change in shape or acceleration or a reaction . Magnetism is a force , not an energy fo rm. 
Energy and power are not the same thing in scien ce understandings either. Power is the 
amount of work done in a particular time. Food is not energy. People get the en ergy they 
need to maintain th eir body system (for example, heating, movem ent, electric n erve impulses 
and more) from the chemical reactions between the digested food particles and the oxygen 
breathed in , in a process called respiration . The digestion and respiration of food involves the 
t ransformation of chemical energy to other forms, such as thermal energy and movement. 
Kruger et al. (1998) suggest that, in addressing the misuse of scientific terms, teachers need 
to be aware of their own language use as well as the language used by the students. 
For further strategies for teaching energy, refer to the section T eaching about energy 
using analogies' which appears later in this chapter (see p. 205) . In this section, examples of 
analogies are given to assist students in understanding aspects of the abstract concept of 
en ergy. The next section discusses an alternative approach to teaching of energy, which 
focuses on studying topics of different forms of energy rather than topics on energy. 
Activity 5.6 Tasks or jobs for addressing alternative conceptions 
The teaching strategies to address the 
alternative conceptions about energy outlined 
above can - and should - be applied to 
different contexts in which different tasks or 
jobs related to energy are thought about and 
discussed. The following exercises require you 
to compile lists of tasks or jobs, or activities or 
demonstrations, that a teacher can use in the 
classroom to show: 
1 that both living things and machines are 
capable of completing jobs 
2 evidence of obvious energy change 
3 evidence of transfer, or transformation, of 
energy 
4 energy changes in everyday events 
5 the distinction between transfer and 
transformation of energy. 
• Construct a list of tasks that are 
performed by humans or other living 
things, as well as by machines. For 
example, walking up the stairs or taking 
a lift can accomplish the task of getting 
to the second floor of a building. 
• Construct a list of jobs or tasks in which 
there is evidence of obvious change. For 
example, a burning candle has several 
obvious changes, such as smoke 
emission, light and thermal energy 
emission, the wick burning and the wax 
melting. 
• What demonstrations or student 
activities can be undertaken in the 
classroom that show energy transfer or 
transformation? Which toys are 
appropriate? For example, a toy bow 
and arrow shows energy transformation 
from potential energy into kinetic 
energy. A game of skittles shows how 
kinetic energy can be transferred from 
the bowling ball to the skittles. 
Construct scenarios where energy 
changes occur. Be explicit about what 
constitutes the system in which the 
changes occur and about the 
boundaries, in terms of specifying a 
start and a finish. If energy changes are 
seen as part of a continuum of changes, 
extend each scenario forwards or 
backwards to see where they lead. For 
each scenario draw a symbolic 
representation in one of the forms 
described above (see Figure 5.2 on p. 195 
and Figure 5.3 on p. 196). For example, 
consider the scenario of turning on the 
switch that sets in motion a wind-up 
toy car. One particular start would be 
after the spring inside the toy has been 
wound up and an end a few moments 
after the switch has been turned on. 
From an energy continuum perspective, 
one may consider the energy changes 
prior to releasing the spring, such as 
kinetic energy from the hand of the 
person twisting the handle, which came 
from potential energy in the muscles in 
the arm, and so on. 
• What demonstrations or student 
activities can be undertaken to clearly 
differentiate between transfer of energy 
and transformation of energy? For 
example, let a marble roll from rest 
down an inclined track that levels out. 
On the level part of the track, the 
rolling marble collides with a row of 
marbles. The student will observe that 
the rolling marble stops and a single 
marble at the end begins to roll. If two 
marbles are let go at the top of the 
incline there will be two marbles at the 
end of the row that will move after the 
collision. This activity demonstrates a 
transformation of gravitational 
potential energy into kinetic energy in 
the first marble, and a transfer of 
kinetic energy from the first marble to 
other marbles in the row. 
Teaching and learning about light 
Students' understandings of light 
There has been an enormous amount of research into students' understandings of light 
(Hubber 2002) . While a significant amount of this research has focused on secondary and 
tertiary students, there have been researchers who have included students of primary school 
age as part of their studies (Adams, Doig and Rossier 1991; Feher and Rice 1986, 1988, 1992; 
Guesne 1985; Rice and Feher 1987; Stead and Osborne 1980; Wang and Xie 2002), and other 
researchers whose studies focused entirely on primary school students (Fleer 1996; Osborne 
et al. 1993; Selley 1996a, 1996b; Shapiro 1988, 1994). There has also been some research 
into preservice primary teachers' understandings of light (Bendall, Goldberg and Galili 1993; 
Heywood 2005) . In terms of the science ideas that underpin the teaching of and learning 
about light, you are directed to the list of concepts contained in the section 'Concepts and 
understandings for primary teachers' at the end of this chapter (see p . 212). 
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Activity 5.7 Exploring understandings about light 
The following stimulus ideas (drawn in 
pictures in the book) and associated questions 
come from two resources. One is titled Concept 
Cartoons in Science Education (Naylor and Keogh 
2000, pp. 131-48), and the other is ACER 
research (Adams, Doig and Rossier 1991, 
pp. 111-20); both concern a small group of 
students talking about light. 
• In one picture (Naylor and Keogh 2000, 
p. 137), designed to explore students' ideas 
about seeing in the dark, a student says, 
'We will be able to see when our eyes 
adjust to the dark', while another says, 'We 
won't see anything if there is no light in the 
cave'. What do you think? 
• In another picture (ibid., p. 145), designed to 
explore students' ideas about how far light 
travels, one student says, 'The big torch 
shines further than the little torch', while 
another says, 'They both shine the same 
distance'. A third student says, 'The big 
torch lights up a bigger area', and a fourth 
student says, 'They both shine the same 
distance, but the big torch shines more 
btightly'. What do you think? 
• In stimulus pictures exploting how 
students regard the relationship between 
light and vision (Adams, Doig and Rossier 
1991, pp. 116-19), one student says a candle 
makes light, another that a book makes 
light, another that the moon makes light 
and a fourth that a television makes light. 
Explore each statement. Which is correct? 
Discuss how the candle, book, the moon 
and the television can be perceived. 
• Use these ideas to explore the concepts of a 
small group of colleagues and a small group 
of children at different ages (e.g., five, eight 
and 12 years old). What did you find? Were 
there any differences between the adults 
and children? Were there any differences 
between the children of different ages? 
What have you learnt from the experience 
about: 
- people's understandings of light 
- the task you used 
- your own understandings oflight 
- gaining access to people's 
understandings 
- your skills at gaining access to people's 
understandings? 
Compare your experiences, findings and 
learning with others. 
The research cited above has found common views held by primary school children about 
light. These views cover a variety of areas and include the following: 
Light is often equated only with its source (e.g., light is in the light bulb), with its effect 
(e.g., the sun lights up the landscape) or with a property (e.g., light is shiny). 
Light is not seen as an entity. 
Light from dim sources travels a small distance or does not travel at all, while light from 
bright sources travels a great distance. There is also a view that daylight affects the 
production or propagation of light from a source. 
The formation of shadows is viewed as a trigger effect in which light incident on an object 
triggers the production of a shadow that travels from the obstacle to the screen. Shadows 
are sometimes though t of as reflection s of dark light. 
The vision process is understood in a number of ways . These include: 
- Light only needs to illuminate an object for it to be seen. 
- The object and observer need to be 'bathed' in light for the object to be seen. 
CHAPTER 5 Energy 
- Light illuminates the object and something emanates from the eye in the act of seeing 
the object. 
Magnifying glasses increase the amount of light. 
Children rarely associate colour with light. Colour is seen as an intrinsic property of an 
obj ect. 
CASE STUDY 
Changing students' ideas about light 
A conceptual change model undertaken in a case study 
conducted by Hubber (2002) was successful in changi ng 
secondary sc hool students' concepts of I ight. A few of the 
teac hing and learning approac hes that were employed in 
thi s case study are applicable for use in primary sc hoo ls, 
albeit at se nior leve ls, and are discussed in this section. 
As a compa rison teaching sequence, the Primary 
Connections unit ' Light Fantastic ' (see http: // 
www.science.org.au/pri ma ryco n necti onslc u rric u I u m-
resources/light-fantastic.html ) emp loys a 5E teaching and 
learn ing model. 
Conceptual change 
instructional model 
A key feature of various conceptua l change instructional 
models is the el icitation of stude nts' preconcept ions and 
the use of cogn itive conflict to resolve situations where 
non-sc ientific views are exposed (Davis 2001). The mode l 
adopted in this case study comprises a sequence of five 
phases: orientation, elic itation of ideas, restructuring of 
ideas, app lication of ideas and reviewing the change in 
ideas. The phases are briefly described as: 
• orientation - an activity designed to give students the 
opportun ity to develop a sense of purpose and 
motivat ion for learn i ng the topic 
• elicitation - students make their ideas exp lici t , bringing 
them to conscious awareness 
• restructuring - occurs if alternative conce ptions were 
eli ci ted in the previous phase. Once the ideas are out in 
the open, the c larificat ion and exchange of ideas occurs 
through discussion . The di fferent views, including those 
of the scient ists, are then evaluated, either through 
discussion or exposure to conflict situations. If any of 
the students don't offer the sc ientists' view, then this 
needs to be given by the teacher alongside the other 
views before eva luat ion occurs 
• application - students are given the opportun ity to use 
the ir deve loped ideas in a variety of situati ons 
• review- the students are invited to rev iew how their 
ideas have changed between thei r thin king at the start 
of the topic and now. 
Orientation and elicitation of ideas 
The initial strategy used was ca ll ed a 'postbox' strategy 
(Bell 1993). It undergoes three phases. In the first phase, 
the students provided anonymous written responses to a set 
of quest ions, such as that shown in Figure 5.5. 
The questions were designed to elic it the students ' 
alternative concept ions of light. For primary sc hool use, the 
questions may need to be reworded and more pictures used 
to assist the students in understanding what is being 
asked . The concepts that underp in the quest ions are 
appropriate for primary school students. 
In the second phase of the strategy, the responses to each 
question were separated and then collected - posted - into 
separate boxes (e.g. , shoeboxes). The class was divided into 
six groups, each of which had the task of analysing the 
responses from one of the boxes. 
The fin al phase of the strategy had each group reporting 
thei r f indings to the rest of the class. Most of the groups 
gave oral reports, although the group responsibl e for 
question 1 drew diagrams on the blackboard. Another 
approach to reporting would be for each group to produce a 
poster. The group places the students' responses into 
different categories, which are then pasted onto • 
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FIGURE 5.5 Questions about light 
01 (Picture of a student looking at a tree is shown 
with the sun in t he background .) 
Draw arrows to show how light from the sun helps 
the student see the tree. 
02 (a) If you were placed in a room where there was 
no light would you be ab le to see? 
(b) What about spending some time in this room? 
Would you be able to see? 
(c) (an a cat or an owl see a mouse in a room 
where there was no li ght? Why? 
03 If you were directly behind someone can you 
attract their attention by just staring at them? 
Why? 
04 Which of the fo llowing make light? 
[Pictures could be used.] Glowing coals of a fire at 
night, glowing coals of a fire during the day, 
moon, mirror, television operating during the day, 
television operating during the night, glow-in-
the-dark sticker at night, glow-in-the-dark sticker 
during the day. 
05 [Picture of a firefly, a glow-in-the-dark toy.] 
How far does light travel from a firefly (a) during 
the night? (b) during the day? 
butcher's paper with appropr iate labels. The groups ca n 
still give oral reports, but disp laying the posters provides a 
permanent reminder of the different views held by the 
students. This is important during the restructuring and 
rev iew phases. 
In completing the postbox activity, the students were 
very animated and mot ivated . This may have been due to 
the fact that they were discussing and analysing their own 
views and at no stage was there any judgement from the 
teacher as to who was ri ght and who was wrong. The 
students' views were also elicited in an anonymous and 
thus non-threatening manner. The ana lysis and reporting 
of different views allowed for student-generated 
discussions and an appreciation by all the students that 
there ca n be a range of different concepts to exp lain or 
describe the same phenomenon. The teacher's role 
through th is process was one of questioner an d someone 
who ensured that different vi ews were c lari fied and 
understood by everyone . For each of the quest ions, there 
was at least one of the students who expressed the 
sc ientific vi ew and so the teacher did not need to present 
this view to the c lass. What follows are some representative 
responses made by the students. 
Question 1 
A Arrows were drawn going to the tree and then to the 
student. 
B Arrows were drawn just going to the tree . 
Question 2 
A (a) No 
(b) No 
(c) No, because there is no light reflecting off t he 
things, so the mouse would be hidden 
B (a) No 
(b) Yes, because your eyes adjust to the dark 
(c) Yes, because they have better eyesight 
Question 3 
A No, because you ca n't feel vision 
B Yes, because you can sense them 
Question 4 
The class as a who le on ly agreed on glowing coals at 
night, television operating at night and glow-in-the-dark 
st icker at night. 
Question 5 
A (i) Just a little bit around it 
(ii) It doesn 't give off any light. 
I n the c larif icati on and exchange of ideas, more 
information was gained from the students in relation to 
their ideas. For exampl e, the following responses came 
from the students' diagrams for question 1 - A: 'Light just 
hits the tree and the sun just refl ects off to make the object 
appear . .. her eyes pick up the light . .. it trave ls to her 
eyes'; and B: 'Light has to be on the tree ' and , when asked 
if the light needed to go anywhere else, the student said, 
'No, just on t he tree'. The responses to the view that cats 
and owls can see in the absence of light were 'Cats can see 
in the dark because their eyes glow' and 'because they are 
night hunters' . 
Restructuring of ideas 
One of the greatest issues for teachers in using a 
constructivi st approach is what to do when you have 
elicited the views from the students and there is a range of 
alternative concept ions present. In addressing the 
alternat ive conceptions in this case study, the teacher first 
of all focused on question 3 (see Figure 5.5 on p. 202) by 
aski ng the students to generate and carry out an 
experiment to test if one cou ld feel a stare (incidenta lly, 
this question is meant to expose the view that something 
emanates from the eye in the vision process) . The students 
came up with the followi ng experiment. Three students 
were blindfolded and placed at var ious points in the 
c lassroom. At a designated moment , the rest of the c lass 
stared at one particul ar student. If any of the blindfol ded 
students cou ld fee l a stare, they were to raise their hands. 
Following the experiment, the class came to a unanimous 
view that one could not feel a stare as nothing emanates 
from the eye in the staring process. The experiment raised 
a number of discussions and experimentation related to a 
person 's awareness of things about them, such as the 
effectiveness of a person 's senses other than vision and the 
extent of one's peripheral vis ion. 
In test ing out more of the students' ideas, the teacher 
set up exposure to a confl ict situat ion in wh ich students 
cou ld experience zero light conditions. The school had a 
photography darkroom to enable th is to happen. Whi le few 
primary sc hools wou ld have such a room, a storeroom 
wou ld work just as wel l, particularly if it had no windows, 
leaving only the edges of the door to mask out. 
It soon became apparent that very few students had 
experienced zero I ight conditions. After they had, they then 
found the scientific view - that you need light to enter your 
eyes to see someth ing - quite plausible. Wh ile in the 
darkroom, the c lass experienced the di lat ion effect on one's 
pupi ls in dim condit ions. Th is was also quite surpri sing to 
the students. Disc ussions then ensued in re lation to some 
anima ls, such as cats, which have the abi lity to di late the ir 
pup il s very we ll in dim cond it ions. 
To provide another plausible argument in support of the 
scientific concept of vision over other views, the teacher 
drew on an analogy linking a burglar alarm system with the 
senses. The main feature of a burglar alarm is a sensor, 
such as a touchpad, which, when touched, sends an 
electrica l signal along some wi res to an alarm . In the 
ana logy, the fo llowing connections are made between the 
senses and the bu rglar alarm: 
• sense receptor - sensor pad 
• nerves connect ing the sense receptor to the brain -
wires 
• brain - alarm. 
In running the ana logy, each of the senses were 
discussed . For example, to experience taste, something 
physical must be placed on your tongue - once your tongue 
is touched, a message gets sent to the bra in via the nerves 
in the same wayan electrical signal is sent along the wires 
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to the alarm once it is touched . The same ana logy was 
given for touch, smell and hearing. It now seems plausible 
to the students that, if the analogy worked for hearing, 
touch, taste and smell , then it should also work for sight-
something physica l, such as light, must enter the eye to 
acti vate the vis ion process. 
Application of newly constructed ideas 
The darkroom activity and analogy discussion proved 
successful in changing the students' ideas of vision , 
making them more scientific. The vision concept was seen 
as a key concept as it proved fruitful when the class 
explored other concepts of light. For example, to address 
the students' cla ims that l ight does not travel far from dim 
luminous objects (g low- in-the-dark toys, for example), 
discussions centred on the perspect ive that , if one can see 
a luminous object , no matter how dim it may be, then light 
from it must be at least reach ing your eyes. The students 
then reasoned that their eyes could act as light detectors, 
so if one could see a luminous object, whether it be during 
the day or night, then light is at least reaching one's eyes. 
It then became plausible for the students to believe the 
scientific concept that light from a luminous object keeps 
trave lling unti l it interacts with matter. The vision concept 
was also fruitf ul in address ing the alternative concepti on 
that light incident on non-m irrored objects just remains on 
the object or refl ects in a regular way. 
Prior to the c lass disc uss ion using the vision concept, 
an 'i nterview about instances/events' tec hn ique (Osborne 
and Gilbert 1980) was used to further explore the students' 
ideas about how far light travels from luminous objects 
during night and daylight conditions. Twelve cards showing 
different events were distributed around the classroom. 
Each card showed a picture of a luminous or non-luminous 
object looked at by a person. An appropriate caption 
accompanied each picture. Some of the cards matched , in 
that the same situation was shown in daylight and during 
the night. One capt ion read, 'The person is looki ng at the 
telev ision du ri ng the day'. The students were each given a 
survey sheet and asked to move around the room looki ng at 
each card. For each card they were to decide if the object 
gave off light and, if so, how far from the object the 
light travel led (the students were to select from four 
alternatives - it stays on the object, it travels ha lfway to the 
person, it travels just to the person, or it keeps travel ling 
until it hits something). When the students completed their 
survey sheets, their responses were debated in a general 
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Activity 5.8 Analysis of a conceptual change model 
The case study described above used a conceptual 
change instructional model. 
• Make a list of the main concepts about light that 
framed the teaching sequence. 
• Describe how aspects of the case study match 
up with the different phases of the model. 
class discussion that included the vision concept as 
mentioned above . 
Review of changed ideas 
The teaching sequence continued for a couple more weeks, 
exp loring severa l concepts in a number of areas related to 
light, includi ng shadow formation , reflection off mirrored 
and non-mi rrored surfaces, refraction effects, images in 
mirrors and lenses, and the colou rs of light and objects. 
There were several occasions when discussions revolved 
arou nd previously learnt concepts and reflections on how 
the students' ideas had cha nged. 
A POE activity 
Another successful activity used in the teaching sequence 
related to the area of shadow formation is app licable for 
use in primary school settings. The activity employed a 
predict-observe-exp lain (POE) (White and Gunstone 2008) 
technique that required students to carry out three tasks. In 
the first task , a physical situation was demonstrated to the 
students. This involved an obstacle being placed between 
an un lit candle and a screen. The students were to predict 
the size and shape of the shadow formed by the obstacle 
when the ca ndle was lit. The students were also asked to 
explain their predictions. In the second task, the candle 
was lit, and the students were to describe what they saw. In 
the final task, discussions ensued to reconcile any conflict 
between the students' predictions and observat ions. During 
these discussions, diagrams with arrows and lines were 
introduced to indicate that light travels in straight lines 
and , as such , can explain the size and shape of the shadow 
formed. The drawing of lines and/or arrows to represent the 
direction and propagation of light should not be difficult to 
understand for primary schoo l students, although they may 
Discuss with others the merits, or otherwise, of 
this conceptual change model for other topics in 
science. 
need to have a view that light is an entity that travels away 
from luminous objects. Shapiro (1994) gave several 
examples of primary school students drawing pictures in 
which light was represented as straight lines and/or arrows. 
Following discussions on diagrams representing light 
propagation as arrows or lines, the students were given an 
activity sheet i nd icati ng different situations that created 
shadows or illuminated shapes. They were required to make 
predictions of the size and shape of the shadows or 
illuminated shapes and then to test their predictions by 
setting up the situations. The situat ions included: 
• a sma ll candle, two obstacles and a screen 
• two small candles, an obstacle and a screen 
• a smal l cand le, a card with a circular hole in it and a 
screen. 
For this POE activity, candles cou ld be replaced with 
torches that act as sources of light and screens can be 
butcher's paper attached to the wall. 
Teaching resources beyond the activities described in 
this case study and the Primary Connections unit 'Light 
Fantastic' are contained in the topics 'Night is a big 
shadow' and 'My special torch' (F leer et al. 1995), and 
There 's an Emu in the Sky (Malcolm 1995). Langley, 
Ronen and Eylon (1997) advocate the use of computer 
simulation tasks. For example, The Learning Federation 
Project (Curricu lum Corporation 2010) has produced a 
number of such tasks, called Learning Objects, titled 
'mixing colours (Years P-2)', 'optics and images (Years 
5-6)' , ' light and reflection (Years 5-6)', 'additive co lour 
(Years 5-6) ' and 'subtractive colour (Years 5-6)'. 
Throughout this chapter, a number of analogies have 
been drawn, not only for use within the classroom but also 
to ass ist the reader in understanding the abstract concepts 
related to energy . 
Teaching about energy using analogies 
A significant pedagogical issue for teachers is the determination of ways to assist students to 
construct meaning for scientific concepts, particularly if the concepts are abstract in nature. 
This issue has particular relevance in this chapter as it deals with understanding aspects of 
the abstract concept of energy. A pedagogical approach that can be used by teachers is to use 
analogies, connecting real-world experiences with the abstract scientific concepts. 
Treagust (1995, p. 46) describes an analogy as a 'process of identifying similarities 
between two concepts. One concept is familiar, referred to as the analogue, and the other 
concept, the unfamiliar, is called the target. Usually the target relates to the scientific 
concept'. For example, in the previous section 'Scientists' and teachers' understandings of 
energy' (see p . 175), a gravity spring analogy was used to explain the concept that a raised 
object stores energy in the form of gravitational potential energy. 
In this analogy, the target is gravity or, more precisely, gravitational force, and the 
analogue is a spring. Just as one can readily appreciate that energy is stored in a stretched 
spring, then, in a similar way, a raised object stores energy if one can imagine a spring joining 
the object and the centre of the Earth (see Figure 5.1 on p. 179). Raising an object stretches 
the gravity spring, so the object stores more energy. The concept of stored energy is similar 
to both the analogue and the target. Another concept that is characteristic of the target and 
the analogy is that the energy is stored in the system containing the Earth and object rather 
than the object itself. This is illustrated in the analogue by the spring connecting the object 
and Earth. The use of the spring analogy has value in addressing a common alternative 
conception that objects on the surface of the Earth have no gravitational potential energy. 
The gravity spring is still stretched for objects on the surface of the Earth. 
The use of a good analogy in the classroom allows students to conceptually link new ideas 
with things that are already familiar to them and is therefore consistent with a constructivist 
perspective. It is important for the teacher to be cognisant of the students' prior knowledge, 
particularly as it relates to the analogue. Students need to be familiar with the characteristics 
of the analogue; the choice of analogue should be made with this in mind. 
The features - attributes - that are shared by the target and the analogue should be 
pointed out in what is termed 'mapping' (Treagust 1995). Just as it is important to map 
shared attributes, it is equally important to point out to the students those attributes that are 
not shared. There may be features of the analogue that are unlike those of the target, which 
may lead to the generation of alternative conceptions. Such features are called 'negative 
attributes'. For example, a particular feature of the spring analogue is that the tension force 
within the spring increases as it stretches. This directly opposes the target feature, in which 
the gravitational force decreases with distance. The analogue and the target may also contain 
features that cannot be mapped - such features are called 'neutral attributes'. For example, a 
neutral attribute of the spring is the composition of the spring itself. 
A teaching approach in the use of analogies developed by Glynn (1991) and used by 
Treagust (1995, p . 52) consists of the following six steps: 
1 Introduce the target concepts to be learnt. 
2 .Cue the students' memory of the analogous situation. 
3 Identify the relevant features of the target concept and the analogue. 
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4 Map out the similarities between the target and the analogue. 
5 Draw conclusions about the target concept. 
6 Indicate where the analogy breaks down. 
Treagust refined this approach to three phases that begin with a 'focus' phase, followed by 
an 'action' phase and finishing with a 'reflection' phase. In the focus phase, the teacher needs 
to determine if the concept is difficult, unfamiliar or abstract for the students. If any of these 
is the case, then the use of an analogy is warranted. The focus phase also elicits the students' 
preinstructional ideas of the concepts and determines the extent of familiarity the students 
have with the analogue . The action phase discusses the shared and un shared attributes of the 
target and analogue. The reflection phase analyses the analogy in terms of clarity and 
usefulness, which may result in a need to refocus if the students see the analogy as not useful 
or confUSing. 
Analogies that are useful for the classroom are those that contain analogues that are much 
simpler than the target and have features that are well understood by the students. Analogies 
that are pictorially presented or deal directly with the students' real world, such as money, 
people, food and relationships, are also beneficial to use. Research indicates that personal 
analogies are not only viewed by students as being enjoyable, but also lead to enhanced 
understanding of the science concepts (Chiu and Lin 2005; Treagust 1995). 
A personal analogy (see Figure 5.6) that students find enjoyable is described as a line-of-
students analogy, which explains the concept of sound energy transmission as a wave 
phenomenon. In this analogy, the medium in which sound travels (target) is compared to 
students standing in a single line (analogue). In the mapping of attributes : 
the sound source is compared to a student at one end of the line 
the ear of listener is compared to a student at other end of line 
particles in the medium are compared to students between the sound-source student and 
the ear-of-listener student. 
A role-play is established in which the sound-source student begins to vibrate, causing a 
collision with a neighbouring student. Through a series of collisions, a travelling vibration is 
observed to travel from the sound-source student and ear-of-listener student. If one follows 
Treagust's approach to the application of analogies in this instance, then teachers need to be 
'Sound source' 
student 
'Air particle' 
students 
I 
Ear of listener 
student 
FIGURE 5.6 Line-of-students analogy for sound transmission 
Sound 
source 
Air 
Ear of 
li stener 
aware that in the focus phase they need to be looking for a common alternative conception 
held by students that sound can travel through space. In mapping the analogy with respect to 
the medium and the students, the students need to realise that they are representing 
particles in the medium and so they should imagine that there is space between neighbouring 
student particles. It should be noted that most primary students do not have a sub-
microscopic view of matter consisting of particles with spaces between them (see Chapter 9). 
While the use of personal analogies can be successful, the teacher needs to be aware of 
students not attaching human characteristics, such as feelings or behaviour, to inanimate 
objects and concepts. In the example of the line-of-students analogy, a boisterous group of 
students may result in the energy of the vibrating source increasing with distances as 
successive students push harder after being knocked. 
Another problem with the use of analogies is that the students may understand the 
analogue as reality itself (Grosslight et al. 1991). This may be overcome with an emphaSiS on 
where the analogue does not link with the concept, or the application of multiple analogies to 
explain the same concept or different aspects of the same concept. Another analogy that 
explains sound energy transmission as a wave phenomenon makes use of slinkies (helical 
springs). The mapping of this analogy relates the medium with a stretched slinky. Vibrations 
that are initiated at one end of the slinky are seen to travel the length of the slinky. The 
following activities explore other analogies, particularly those that relate to energy. 
The personal analogy of sound energy transmission described above can be modified 
slightly to explain the transfer of thermal energy through materials. The transfer of thermal 
energy in this way is known as 'conduction'. For example, if one holds one end of a metallic 
rod and places the other end in an open fire, one soon finds that the entire rod heats up as 
thermal energy is conducted along the entire length of the rod. In this analogy, the metallic 
rod (target) in which the thermal energy travels is compared to a line of students (analogue). 
The students represent the metallic particles of the rod. A student at one end of the line 
of the 'metallic particle' students represents the 'heat source' student, while another student 
at the other end represents the 'hand of the rod holder' student. 
A key concept in this analogy is the idea that the temperature of an object is related to the 
motion energy of its constituent particles. As an object gets heated, its particles move faster; 
they vibrate at a faster rate. Therefore, in the analogy, the 'heat source' student vibrates, 
causing a collision with a neighbouring 'metallic particle' student, which makes this student 
vibrate. Through a series of collisions, vibrations are set up along the line of 'metallic particle' 
students to finally reach the 'hand of the rod holder' student. The increase in vibration of the 
students represents an increase in the temperature of the rod and the hand of the person 
holding the rod. 
This analogy can also be used to explain why some objects expand when they get heated 
(the particles in the object vibrate faster, thus creating more space) , but it can't explain why 
some objects, such as those made out of plastic or ceramics, don't conduct thermal energy as 
well as metallic objects. As a teacher, you could discuss with the students how the analogy 
could be modified to account for such effects . 
CHAPTER 5 Energy 
207 --
- - 208 
TEACHING PRIMARY SCIENCE CONSTR UCTIVELY 
• 
Activity 5.9 Analysing classroom analogies relating to energy 
The following list of analogies relate to 
explanations of concepts of energy. Discuss 
with other teachers each of the following 
analogies' applicability to the primary school 
classroom. Keep in mind not only where the 
analogy fits, but also where it breaks down. 
• The sound energy transmission analogy 
has been described above. How can the 
analogy be used to explain the observation 
that sound: 
- cannot travel through space 
- travels faster and further in solids , such 
as a metal rail , than in the air 
- reflects off solid barriers? 
• The dissipation of energy is like the 
spreading out of money after you receive 
your pay packet. The amount of money you 
receive for your pay remains the same, but 
it gets spread around: for example, pocket 
money is given to your children and money 
is spent to buy groceries or pay bills. This 
money, in turn, gets spread further as 
children spend their money and 
shopkeepers pay workers and suppliers of 
raw materials . How might this analogy be 
undertaken as a role-play in the classroom7 
• The degradation of energy is like the 
decrease in the value of money as it gets 
converted from one type of currency to 
another. For example, if one pays $100 to a 
money exchange, some is taken for a fee, 
say $3, while the rest, $97, is converted into 
another currency. Repeated conversions 
progressively decrease the amount. How 
does this analogy show that energy: 
- comes in different forms 
- is conserved 
dissipates7 
• The use of marbles can be used in analogies 
to explain a number of energy concepts. For 
example, an open tray containing several 
marbles is shaken to show how the tiny 
particles that make up an object behave 
when heated. Shaking the tray faster will 
result in some marbles being expelled from 
the tray. How does this action of the 
analogue relate to the target in terms of 
heating an object? 
• In another example, a line of marbles is set 
up between two rails. Striking one end of 
the line of marbles with a rolling marble 
results in a marble at the other end of the 
line moving. How can this analogue explain 
conduction of thermal energy? 
In another example, a tray with holes in it 
is positioned above another tray. The top 
tray is held at an incline and marbles are 
allowed to roll from the top of the tray. 
Some marbles will fall through the holes 
while others will continue to roll to the 
bottom of the top tray. How can the 
analogue explain energy degradation? 
What do the marbles represent in the 
analogy7 
Science as a human endeavour 
There are characteristics of science as a human endeavour that can be readily incorporated into 
lessons focusing on energy. These include the NOS (e.g., science ideas and understandings 
change as new evidence becomes available) and the influence of science (e.g., the effects of 
science and technology on our lives, as well as how science is used). 
The nature of science 
In recent times, scientists have seen evidence of global warming and climate change which 
has led them to investigate possible causes. This then led to debate among scientists, which 
has been played out in public forums, involving differing views of whether or not these 
phenomena exist, and what the underlying reasons for this might be. The current thinking is 
that most scientists have come to the view that the increase in global warming is due to an 
enhanced greenhouse effect resulting from increased levels of greenhouse gases released into 
the atmosphere through human activity (Boyes, Stanisstreet and Yongling 2008) . This new 
scientific understanding came about through debates where scientists with differing views put 
forward claims based on evidence gathered through scientific means, and where an ultimate 
consensus view was reached. This process of construction of new knowledge is a key feature 
of the processes that characterise the NOS (see the Chapter 1 section 'The nature of science: 
how it works' on p. 5) . 
A large number of studies have explored students' understandings of the concepts related 
to the greenhouse effect, ozone depletion, global warming and climate change (Anderson and 
Wallin 2000; Boon 2009; Boyes and Stanisstreet 1993; Boyes, Stanisstreet and Yongling 
2008; Boylan 2008; Daniel, Stanisstreet and Boyes 2004; Lee et al. 2007; Rye, Rubba and 
Wiesenmayer 1997) . Preservice primary school teachers' views have also been researched 
(Ekborg and Areskoug 2006; Papadimitriou 2004). Some of the most popular and persistent 
alternative conceptions found in students' and preservice teachers' thinking are detailed in 
Chapter 12, where there is also further discussion of students' ideas and the consequent 
pedagogical implications related to this topic. 
A useful resource about climate change has been produced by the Intergovernmental Panel 
on Climate Change CIPCC), which is an organisation instituted in 1988 by the United Nations 
Environment Programme and the World Meteorological Organization to engage the world's 
leading experts in reviewing the most up-to-date, peer-reviewed literature on the scientific 
and technical aspects of climate change. The resource, called the Climate Change Information 
Kit (see http://unfccc.int/resource/docs/publicationslinfokic2002_en.pdf) summarises in 
simple language the most up-to-date findings on climate change. A listing of the key concepts 
associated with the greenhouse effect, ozone depletion, global warming, climate change and 
renewable energies can be found in the 'Concepts and understandings for primary teachers' 
section below (see p. 212) . These concepts are expanded on in Chapter 12. 
A key activity of scientists is modelling, which involves the creation of models that not only 
explain phenomena but also make predictions . This is pertinent for environmental scientists, 
who use sophisticated mathematical models to predict such things as future increases in global 
temperature and sea levels according to increases in atmospheric levels of greenhouse gases. 
Activity 5.10 gives students some inSight into the modelling process, where they are able to 
predict global mean temperatures through changes in concentrations of greenhouse gases. 
Activity 5.10 Using models to make predictions 
In this activity, you are asked to use modelling 
software to make some predictions. Access the 
simulation called The Greenhouse Effect, 
which can be downloaded from http:// 
phet.colorado.edu/en/simulation/greenhouse. 
Open the 'Glass Layers' section of the 
animation. You will notice that sunlight is 
represented by yellow particles of light called 
photons. The sunlight particles are absorbed 
by the Earth, heating it. The Earth then 
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radiates energy in the form of infra-red 
radiation, which is represented by red photons. 
• Where there are no glass layers shown, this 
simulates an Earth without any atmosphere. 
What global mean temperature does this 
animation software predice 
• Insert one glass layer. What is the effect on 
the sunlight and infra-red photons? What 
is the effect on the temperature. 
• Insert a second and then a third glass layer. 
What is the effect on the temperature? 
• Open the 'Greenhouse Effect' section of the 
animation. Begin the animation using 
today's atmospheric setting. What is the 
effect on the sunlight and infra-red 
photons? What is the effect on the 
temperature? Contrast these effects with 
the simulation using a glass layer. 
• Adjust the greenhouse gas concentration . 
What is the effect on the sunlight and 
infra-red photons? What is the effect on the 
temperature' 
A lot of public debate about climate 
change relates to the level of confidence in 
scientists' ability to predict future global 
temperature rises . This is not surprising as 
weather forecasters are sometimes unable to 
correctly predict the weather only a few days 
into the future. In teaching about global 
warming, teachers need to point out to 
students that a key role for scientists is 
modelling, which doesn't always produce 
predictions that are 100 per cent accurate. 
However, the models that scientists construct 
are constantly being revised as more 
information is gathered. 
The influence of science: the effect of science 
and technology on our lives 
The significant use of fossil fuels for humankind's energy needs has created a major 
environmental problem, with an enhanced greenhouse effect leading to global warming and 
climate change. On a personal level, people need to reduce their energy consumption from fossil 
fuels, and on a societal level, people need to explore the use of non-renewable energies . Students 
can get some insigh t into what they person ally contribute to the greenhouse effect, and what 
they can do to reduce energy consumption from fossil fuels, by undertaking Activity 5.11. 
Activity 5.11 Calculating my personal contribution to the 
greenhouse effect 
In this activity, you get to estimate what effect 
your home life has on greenhouse gas 
emissions. You will need to access the 
Australian Greenhouse Calculator (see http:// 
www.epa.vic.gov.aulGreenhouseCalculator/ 
calculator/default.asp), a program that will 
calculate your yearly greenhouse gas 
emissions based on the information you 
provide. The calculator will also compare your 
greenhouse emissions with that of a 'typical' 
house and also a 'green' house. 
Access the calculator and input 
information related to your home. 
• 
• 
• 
• 
• 
What is your annual CO2 contribution to 
the greenhouse effect? 
How does this contribution compare to 
other homes in your area? How does this 
contribution compare to a 'green' home? 
What aspect of your personal living 
contributes the most CO2 to the greenhouse 
effect? 
In what realistic ways can you limit your 
annual CO2 contribution to the greenhouse 
effect? 
In what ways are your CO2 contributions 
related to your energy costs? 
Two useful curriculum resources for teachers include the Australian Sustainable Schools 
Initiative (AuSSI) (see http://www.environment.gov.au/education/aussi) and Energy Savers 
(see http://www.forteachersforstudents .com.au/Origin/ teachers.html). The AuSSI website 
contains curriculum resources that can assist teachers in broadening their students' 
understandings of energy, guide students through an energy audit process, and plan relevant 
activities to allow students to make inquiries about energy and sustainable energy options 
and practices in a locally relevant way. The AuSSI website also refers to case studies of 
Australian schools that have developed a range of sustainable practices on their grounds and 
in their communities. Energy Savers is a new teachers' resource for upper primary students 
that helps bring issues on climate change and energy efficiency 'to life'; the website also 
contains a useful online energy efficiency calculator. 
By undertaking audits like that described in Activity 5 .11, teachers and students can be 
prompted to realise that, on a personal and school level, they can make a positive difference 
in limiting the phenomenon of global warming. 
Summary 
This chapter has explored one of science's overarching and complex concepts, that of energy. 
Everyone has their own understanding of energy and will use the word differently in a variety 
of contexts . For the primary school teacher, the different contexts may involve daily life as 
distinct from teaching energy within a biological, chemical or physical system. 
It is helpful to realise that developing our understanding of energy is a slow, laborious and 
accretional process. At primary school we need to be aware that, as teachers, we have learnt 
science at secondary school and maybe in a tertiary establishment. We take into the 
classroom an understanding of energy that has developed partly as a result of those 
experiences. We need to acknowledge that each of the children we teach also will come to 
class with an understanding that may involve several meanings of the word 'energy', 
depending on the context . When we teach an energy topic, we need to consider the 
curriculum we teach. The key concepts of energy and light (listed in the next section) act as 
powerful scrutineers for this. Clarifying our own understanding of scientists' understanding 
of the concept is a useful way forward, ensuring that we provide experiences that will help 
learners understand the meanings of energy that are appropriate for scientific contexts. This 
may make energy appear to be a complicated and difficult concept. Well, it is, but energy is 
not alone in this - it shares the commonality of being complex with many other scientific 
concepts . This chapter described how en ergy related to global warming and the greenhouse 
effect can be incorporated into primary school science lessons as evidence of how science 
ideas and understandings change as new evidence becomes available, and how science and 
technology affect our lives. 
If we can begin to convey to learners the complexity and invented nature of the concept, 
provide them with lots of experiences of different forms of energy, and develop their 
understandings of these forms and a knowledge of the properties of various energy forms, 
then primary school learners will have a sound basis for future learning. 
Best wishes for your energetic journeying with learners. 
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Concepts and understandings for primary teachers 
Key concepts associated with energy 
Energy is an invented idea that helps us make sense 
of processes of change. 
Energy may be considered as a job-doing capability. 
Energy is associated with systems undergoing change. 
Energy is manifest in many forms. Different forms of 
energy include therma l, chemica l, light, gravitational, 
sound, elastic, movement/motion/kinetic, nuclear and 
electrica l. 
Energy is stored in two basic forms - kinetic and 
potential. Kinetic energy relates to the speed and mass 
of an object. Potential energy relates to the position of 
objects with respect to other connected objects. 
Energy forms transfer from one place to another. 
Methods of energy transfer include conduction, 
convection and radiation . 
Energy forms have various energy sources. 
A source of energy may produce more than one form 
of energy. 
Energy can be transformed from one form to another. 
Changes occu r when energy is transformed and these 
changes may be observed and measured. Energy is 
measured in joules. The rate of energy change is 
power and is measured in watts. 
Energy is neither created nor destroyed. When energy 
changes in form, the tota l amount of energy remains 
constant. 
In systems undergoing change, energy spreads out 
from the source. This is ca lled 'd issipation of energy'. 
In transforming energy for our use, some energy is 
used for the chosen task, while the rest appears in 
non-usefu l forms and is lost. 
Energy eventually 'runs down' by being transformed 
into low-level heat. This is called 'degradation of energy'. 
Key concepts associated with light 
Light is an entity that travels very fast. 
Light travels in straight lines. Ray diagrams show light 
travelling in straight lines as arrows. 
Shadows are the result of an object blocking the 
passage of light. 
Luminous objects emit light; non-luminous objects 
reflect light. 
Light from luminous objects keeps t ravelling until 
it interacts with matter. In interacting with 
matter, light reflects, transmits and/or gets 
absorbed. 
Light from each point on a luminous object travels in 
all directions. 
Transparent objects enable light to be transmitted, 
whereas opaq ue objects do not. 
Mirrored surfaces will reflect a beam of light in one 
direction, whereas non-mirrored surfaces wi ll reflect a 
beam of light in all directions. 
The vision process is enacted when light enters the 
eye directly from a luminous object or through 
reflect ion from a non-luminous object. 
Images of objects in mirrors, lenses and other 
transparent objects are caused by light from the 
object being red irected in some way. 
Light from the su n and other similar luminous objects 
is a mixture of all the colours of the rainbow. 
The co lou r of an object is determined by what colour 
of light it reflects. 
Key concepts associated with the greenhouse 
effect, ozone depletion, global warming, 
climate change and renewable energies 
The fol lowing are expanded upon in Chapter 12. 
The natural greenhouse effect is responsible for 
keepi ng Ea rth's average temperature at 14°C. Without 
the natural greenhouse effect, the Earth's average 
temperature would be - 18°C. 
An enhanced greenhouse effect is due to increased 
concentrations of greenhouse gases in the Earth's 
atmosphere, produced by human activity, and is 
respons ible for global warming and climate change. 
Greenhouse gases in order of abundance in the Earth's 
atmosphere are water vapour, carbon dioxide, 
methane, nit rous oxide, ozone and 
chlorofluorocarbons (CFCs). 
There is a difference between incoming (so lar) 
radiation from the sun and outgoing (infra-red) 
radiation by t he Earth. 
When averaged over a year, the incoming energy in 
both the Earth and its atmosphere equals the outgoing 
energy. 
The absorption by greenhouse gases of infra-red 
radiation rather than so lar radiation underlies the 
greenhouse effect. 
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An enhanced greenhouse effect results in changing 
weather patterns and sea levels rising. 
The enhanced greenhouse effect is a separate effect 
to the depletion of the ozone layer in the Earth's 
atmosphere. 
Ozone is a substance that contains molecules 
conta ining three oxygen atoms (03) and absorbs 
ultraviolet (UV) radiation from the sun. 
The reduction of the ozone layer will cause an 
increase in UV radiation on Earth. An excess of UV rays 
has been linked to skin burns, skin cancer, cataracts 
and harm to certa in crops and marine organisms. 
However, excess UV radiation is not linked to global 
warming. 
Ozone-depleting substances (OOSs) are w idely used 
in refrigerators, air conditioners, fire extinguishers, 
dry-cleaning (as so lvents for cleaning), electronic 
equ ipment, and as agricultural fumigants. OOSs 
include CFCs, halon, ca rbon tetrachloride, methyl 
chloroform, hydrobromofluorocarbons (HBFCs), 
hydrochlorofluorocarbons (HCFCs), methyl bromide 
and bromochloromethane (BCM). 
CFCs and ozone are also greenhouse gases but 
carbon dioxide does not deplete the ozone layer. 
A renewable energy source (e.g., biomass from plants) 
is one that can be replenished in a short amount of 
time. A non-renewable energy source (e.g., coa l) 
cannot be replenished in a short period of time. 
Search me! science education 
Explore Search me! science education for re levant articles on energy. 
Search me! ~ Search me! is an online library of world-class journals, ebooks and 
newspapers, includ ing The Australian and the New York Times , and is updated daily. Log in to Search 
me! through htt p:// login. cengage .com using th e access code that co mes with this book. 
KEYWORDS 
Try searching for the fo ll owing terms: 
~ Renewabl e energies 
~ Energy 
~ Teaching energy 
Search tIP: Search me! science education contains information ITom both local and international sources. To get the greatest 
number of search results, try uSIng both AustralIan and American spell ings in your searches: e.g., 'globalisatlon' and 
'glo ba lization'; 'organisation' a nd 'organization '. 
Appendices 
In these appendices you wi ll find material re lated to energy that you should refer to when read ing 
Chapter 5. These appendices can be fo und on the student companion website. Log in thro ugh 
http:// login .cengage.com using the access code that comes with this book. Append ix 5.1 IS 
included in fu ll below. 
Appendix 5.1 Difficulties in understanding energy by some preservice and 
practising primary teachers 
Various researchers (Kruger 1990; Kruger, Palacio and Summers 1992; Pinto, Couso and Gutierrez 2005; 
Trumper 1997) have explored preservice and practising primary teachers' understanding of energy. The 
fo llowing list indicates some of the difficult ies some teachers have with the concept of energy: 
Th ere is a lack of abili ty to di fferent iate between the concepts offorce and energy. 
En ergy is not associated with motion. 
Energy is only associated with motion. 
Energy is not an attribute of stationary objects . 
Kineti c energy doesn't depend on speed . 
En ergy is on ly found in living th ings. 
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Energy is seen as human live li ness. 
Energy is a life fo rce tha t is within a ll living things. 
Energy is a hidd en force present a ll th e tim e in a substance wa iting to be used. 
Energy comes fro m the sun , the o rigi na l source of a ll energy. 
Energy is not co nserved - it can be created a nd/ o r destroyed . 
There is non-accepta nce of the idea of energy degrada tio n. 
Gravitationa l energy is eit her unrecogni sed o r mis understood. Other fo rms of potent ia l energy 
a re unrecogni sed o r unclear. 
Energy is considered to be a concrete entity rathe r tha n a n a bstract one. 
Appendix 5.2 Concept map of energy 
Th e co ncept ma p in th is o nline a ppendix shows links between ma ny of t he key ideas associ at ed 
wit h energy. 
Appendix 5.3 A pre-test questionnaire about energy for Year 5/6 students 
A p re-test questionna ire suitab le for Year 5/ 6 stud ents is give n in t his o nlin e a ppend ix. 
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